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Resumo 

 

A Neuromielite óptica (NMO) é uma doença inflamatória e desmielinizante do 

SNC, de natureza autoimune, caracterizada por surtos graves de neurite óptica e 

mielite transversa, de evolução mais freqüente na forma recidivante-remitente, com 

pouca remissão dos déficits entre as crises, altamente incapacitante. A presença do 

anticorpo anti-aquaporina 4 (anti-AQP4) foi descrito em 73% a 91% dos pacientes 

com diagnóstico de NMO. Doenças autoimunes podem frequentemente ser 

desencadeadas após infecções por micro-organismos, como agentes virais.  A NMO 

e a infecção pelo HTLV-1 possuem prevalência coincidentemente elevada em certas 

áreas do globo, como o Brasil. Com o objetivo de avaliar a associação do HTLV-1 

com a NMO, foi pesquisada a presença de anti-AQP4 e anti-HTLV-1 em 34 

pacientes com DENMO, 43 pacientes infectados com HTLV-1, assintomáticos ou 

com a doença mielopatia associada ao HTLV-1 (HAM/TSP) e 23 controles sadios. 

Nenhum paciente com DENMO apresentou sorologia positiva para HTLV-1. Nenhum 

paciente infectado pelo HTLV-1 apresentou soropositividade para anti-AQP4. 60% 

dos casos de DENMO foram positivos para anti-AQP4. Esses resultados sugerem 

que a mielopatia associada à variante aguda da HAM/TSP e aquela associada ao 

anticorpo anti-AQP4 são entidades clínicas distintas, e provalvemente, não 

relacionadas de forma patogênica ao HTLV-1 em nosso meio.  

O cérebro humano expressa amplamente AQP4, mas estudos 

anatomopatológicos e de neuroimagem não detectaram lesões corticais 

desmielinizantes ou infiltrados inflamatórios no DENMO. A fim de avaliar melhor a 

presença de alterações estruturais nas substâncias cinzenta e branca encefálicas no  
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DENMO, foram estudados 34 pacientes por RNM de 3T e tomografia de 

coerência óptica retiniana pareados com controles sadios, divididos nas 

apresentações NMO, mielite transversa longitudinal extensa (MTLE) e neurite óptica 

(NO), além de soropositivos versus soronegativo para anti-AQP4 e 5 anos ou menos 

de doença versus mais de 5 anos de doença. Houve maior grau de atrofia retiniana 

nos grupos NMO e NO, além dos grupos anti-AQP4+ e mais de 5 anos de doença. 

Foi constatado maior grau de atrofia cortical cerebral e estruturas da substância 

branca nos grupos NMO e MTLE, anti-AQP4+ e mais de 5 anos de doença. A atrofia 

retiniana se correlacionou positivamente com a atrofia do lobo occipital. Esses dados 

sugerem que o DENMO está associado à atrofia de estruturas das substâncias 

cinzenta e branca cerebrais; que a atrofia não se limita apenas às áreas das vias 

sensorial, motora e visual, mas é mais difusa; que quanto maior o tempo de doença 

e a presença do anticorpo anti-AQP4, maior é o grau de atrofia cortical, configurando 

estes fatores, tempo e anti-AQP4+, como de pior prognóstico; e a correlação positiva 

entre atrofia da camada de fibras nervosas retinianas e atrofia pericalcarina, além da 

escala de incapacidade funcional expandida (EDSS), sugere que a degeneração 

neuronal retrógrada e/ou anterógrada do tipo Walleriana é um importante causador 

da atrofia cortical no DENMO. 
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Abstract                          

                                                                                   

Neuromyelitis optica (NMO) is an inflammatory disease of the central nervous system 

(CNS) of putative autoimmune aetiology, which is characterized by severe attacks of 

myelitis and optic neuritis (ON). A relapsing course with rapid accumulation of 

neurological deficits with little or no remission is common.  The NMO is autoimmune 

in nature and antibodies to Aquaporin 4 (AQP4) are associated with the development 

of the disease.  AQP4 is the most common water channel protein of CNS, present in 

astrocytes processes, endothelium and piamater meninges. It predominates at some 

sites of the CNS, as optic nerve, brain stem and gray matter of medulla, the same 

sites of the usual inflammatory lesions. Autoimmune diseases may be triggered by 

microorganism infections and NMO and HTLV-1 infection have coincidentally high 

prevalence in certain areas of the world including Brazil. To study a possible 

relationship between these two diseases, we determined the seroprevalence of 

antibodies to AQP4 in 43 patients with HTLV-1 infection, asymptomatic or with HTLV-

1 associated myelopathy (HAM/TSP) and that of HTLV-1 antibodies in patients with 

neuromyelitis optica spectrum disorders (NMOSD). AQP4ab positivity was found in 

60% of NMOSD patients, but in none of the HAM/TSP patients and none of the 

asymptomatic HTLV-1 infected individuals. Conversely, all AQP4-Ab-positive 

NMOSD patients were negative for HTLV-1 antibodies. The results argue both 

against a role of antibodies to AQP4 in the pathogenesis of HAM/TSP and against an 

association between HTLV-1 infection and the development of AQP4-Ab. Moreover, 

the absence of HTLV-1 in all patients with NMOSD suggests that HTLV-1 is not a 

common trigger of acute attacks in patients with AQP4-Ab positive NMOSD in 
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populations with high HTLV-1 seroprevalence. Although AQP4 is also expressed 

widely in the human brain cortex, beyond the common sites of lesions in NMO, recent 

studies have found no MRI or histopathological evidence for cortical demyelination. 

To investigate magnetic resonance imaging (MRI) patterns of gray matter (GM) and 

white matter (WM) abnormalities in patients with NMO and its incomplete forms, 

isolated longitudinally extensive transverse myelitis and optic neuritis, and to assess 

the prognostic impact of GM and WM abnormalities in these conditions, we 

performed both 3T high-resolution T1-weighted and diffusion tensor MRI in thirty-four 

patients with NMO spectrum disorders (NMOSD) and 34 matched healthy controls. 

Voxel-based morphometry (SPM8/MATLAB2012b), cortical analyses (Freesurfer), 

and diffusion tensor imaging analyses (TBSS-FSL) were used to investigate brain 

abnormalities. In addition, retinal nerve fiber layer was measured by means of optic 

coherence tomography (OCT). These analyses resulted in following findings: (1) 

NMOSD is associated with GM and WM atrophy, which encompasses more brain 

structures than the motor, sensory, and visual pathways; (2) this atrophy is more 

widespread in patients with NMO and LETM than in patients with ON; (3) the extent 

of GM atrophy correlates with disease duration, and (4) GM/WM atrophy in NMOSD 

is more pronounced in AQP4 antibody-seropositive than in -seronegative patients. 

Furthermore, it was demonstrated for the first time in NMOSD a correlation between 

RNFL atrophy and GM atrophy in the occipital lobes as assessed by OCT, indicating 

a role for retrograde degeneration in GM atrophy and suggesting that the extent of 

brain GM/WM atrophy may be of prognostic relevance in NMOSD. 
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Introdução 

 

NEUROMIELITE ÓPTICA 

A neuromielite óptica (NMO) ou Doença de Devic é uma doença inflamatória 

autoimune primária do sistema nervoso central (SNC) de etiologia ainda não bem 

esclarecida, definida por surtos, recorrente ou não, de mielite transversa e neurite 

óptica (1,2). A remissão espontânea é rara, sendo frequente a progressão rápida e o 

acúmulo de deficiências neurológicas. A média de idade do início dos sintomas é 37 

anos, apesar de existirem relatos de casos ocorrendo na infância e entre idosos 

(3,4). 

Devic e Gault no final do século XIX descreveram a neurite óptica bilateral e a 

mielite aguda ocorrendo ao mesmo tempo ou numa rápida sucessão, como condição 

sine qua non para o diagnóstico da NMO (5). Por muito tempo, foi discutido se a 

NMO era uma variante da EM, uma vez que a neurite ótica, a mielite e a inflamação 

desmielinizante estão relatadas nas duas doenças (4). No entanto, a apresentação 

clínica mais comum envolvendo os nervos ópticos e a medula; a evolução não 

progressiva, mas com surtos mais graves, incapacitantes e com pouca recuperação; 

a extensão da lesão medular, envolvendo mais de 3 corpos vertebrais vistas na 

ressonância nuclear magnética (RNM) de medula (1); e a descoberta do anticorpo 

anti-NMO em 2004 (6), com posterior descoberta do auto antígeno contra o qual ele 

reagia, a aquaporina 4 (AQP4) em 2005 (7), tornou possível a distinção entre NMO e 

EM como entidades clínicas com fisiopatogêneses diferentes(4).  

A NMO está associada à presença de anticorpos contra a AQP4 em 60 a 80% 

dos casos (6,7). A AQP4 é o principal canal que regula a homeostase da água no 
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SNC, e está distribuída em alta densidade nas regiões perivasculares e subpial nos 

pés dos astrócitos. Ela é encontrada também nas membranas das células 

ependimárias, mas não nos neurônios, oligodendrócitos ou células epiteliais 

coroidais; acumula-se nos nervos ópticos, tronco encefálico e substância cinzenta da 

medula espinhal, correlacionando com os locais preferidos das lesões (8). A 

expressão e regulação da AQP4 tem sido estudada no sentido de entender sua 

fisiologia em várias condições patológicas como a NMO (9,10). 

A associação da NMO com outras doenças auto-imunes como as tireoidites, 

lúpus eritematoso sistêmico (LES) e síndrome de Sjögren forneceu evidências sobre 

a natureza autoimune dessa doença (1,11).  Estudos iniciais mostraram que o 

anticorpo anti-AQP4 foi detectado em 14 de 85.000 amostras de pacientes suspeitos 

de autoimunidade paraneoplásica. Posteriormente, a NMO foi confirmada em 12 dos 

14 pacientes soropositivos inicialmente para os anticorpos anti-AQP4 (6). Este auto-

anticorpo também foi descrito em 12 soros de 19 pacientes diagnosticados com a 

forma optico-espinhal de EM em asiáticos (12). Estudos realizados na Espanha, 

Reino Unido, França, Turquia e em um estudo multicêntrico europeu, mostraram que 

o anticorpo anti-AQP4 detectado pelas técnicas de Imunofluorescência e 

Imunoprecipitação era 91-100% específico para diferenciar a NMO ou a forma 

optico-espinhal da Esclerose Múltipla (13). No entanto, mesmo utilizando ensaios 

extremamente sensíveis cerca de 10-25% dos pacientes diagnosticados para NMO 

são soronegativos para os anticorpos anti-AQP4 (2). Essa observação pode indicar 

problemas no diagnóstico, sensibilidade dos testes ainda inadequados para 

quantificar esses auto-anticorpos ou a resposta imune dirigida a outro neuroantígeno 

que não a AQP4. 
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A observação de casos de síndromes agudas isoladas de mielite transversa 

longitudinal extensa (MTLE), com lesões contínuas envolvendo mais de 3 corpos 

vertebrais vistas pela RNM de medula, ou de neurite optica recorrente (NOr), 

associado ou não à presença de anticorpos anti-AQP4 levaram a uma nova 

classificação em 2006, proposta por Wingerschuk e colaboradores (4,11). Estas 

síndromes (NMO, MTLE e NOr) foram classificadas de uma forma mais ampla como 

Distúrbios do Espectro da Neuromielite Optica (DENMO). A MTLE e a NOr, formas 

incompletas de NMO, apresentam soropositividade para o anticorpo anti-AQP4 em 

aproximadamente 60% (14) e em 5-25% dos casos (15-17), respectivamente, e a 

sua presença determina um alto risco para evolução para forma clássica da NMO. 

Por este motivo, alguns autores denominam as formas incompletas de NMO 

soropositivos para o anti-AQP4 como síndrome de alto risco (2,4).  

No Brasil, os estudos com NMO e a detecção do anticorpo anti-AQP4 estão 

em sua fase inicial, e em trabalho recentemente publicado pelo grupo da 

Universidade de São Paulo com uma casuística de 28 pacientes, os autores 

determinaram os níveis de anticorpo anti-AQP4 em 64% dos pacientes com NMO 

(18). Vários estudos estão sendo feitos no sentido de verificar se o anticorpo anti-

AQP4 é apenas um marcador biológico da NMO ou se esse anticorpo atua na 

patogênese da doença. Trabalho recente sugere que o anticorpo anti-AQP4 deve 

participar da destruição tecidual observada na NMO (19), e os surtos são precedidos 

por um aumento sérico dos níveis deste anticorpo (20). Nos sítios lesionais são 

encontrados predominantemente desmielinização da substância branca medular, 

tronco cerebral e nervos ópticos, com infiltrado de neutrófilos e eosinófilos e 

deposição perivascular de imunoglobulinas IgG e IgM e componentes ativados do 
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complemento (21). Estas lesões podem evoluir para necrose tecidual, associado à 

formação de cavidade, e coincidem com as áreas de maior concentração da AQP4 

no SNC (10). 

 

ATROFIA CORTICAL, LESÃO RETINIANA, NEURITE ÓPTICA E LESÃO 

MEDULAR  

O cérebro humano expressa amplamente AQP4, incluindo o seu córtex. Como 

estudos por RNM de crânio demonstraram lesões desmielinizantes corticais no 

cérebro de pacientes com EM forma recorrente-remitente (EMRR) desde os 

primeiros anos de doença (22), Calebrese e colaboradores investigaram também a 

existência de lesões corticais em pacientes com NMO, comparando-os com EMRR, 

e de forma intrigante, não encontraram lesões desmielinizantes (23).  Anteriormente, 

um trabalho por necropsia havia estudado o córtex de pacientes com NMO e não 

detectou infiltrados inflamatórios e nem perda da expressão de AQP4 cortical, um 

achado comum nos sítios de lesões medulares e da substância branca cerebral 

(21,24). Entretanto, dois estudos independentes de neuroimagem detectaram atrofia 

de estruturas cerebrais, principalmente, em regiões ligadas aos sistemas visual, 

sensorial e motor (23,25). Como não existiam desmielinizações ou infiltrados 

inflamatórios corticais, foi levantado à hipótese de estas atrofias focais poderem 

estar relacionadas a um processo de degeneração retrógrada desencadeada pelas 

típicas lesões axonais nos nervos ópticos e medula espinhal, com repercussão nos 

respectivos córtex das vias lesadas (23,24,26).  

Nesse sentido, estudos com tomografia de coerência óptica (OCT) 

demonstraram uma importante redução da espessura da camada de fibras nervosas 
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retinianas como consequência das lesões axonais das células ganglionares 

retinianas e atrofia do nervo óptico que se seguem após episódios de NO na NMO 

(27-30). 

A fim de aprofundar o estudo das atrofias das estruturas da substância 

cinzenta e substância branca cerebrais, e estudar a presença de alterações 

precoces, analisamos através de três métodos automatizados e validados na 

literatura, morfometria baseada em voxel (VBM), segmentação cerebral por 

Freesurfer e estatística espacial baseada em tracto (TBSS) (31-33), as imagens 

volumétricas em T1 e em tensor de difusão do crânio adquiridas através de aparelho 

de RNM de alto campo (3T) de pacientes com DENMO, divididos conforme 

apresentação da doença (NMO, MTLE, NO), tempo de doença (5 anos ou menos do 

primeiro surto ou mais de 5 anos de duração) e detecção sérica do anticorpo anti-

AQP4 (seropositivo ou seronegativo). Além disso, realizamos a análise retiniana dos 

pacientes através de OCT de última geração SOCT Spectralis OCT™ (Heidelberg 

Engineering, Heidelberg, Alemanha), e correlacionamos o grau de atrofia da camada 

de fibras nervosas retiniana com a espessura do córtex visual pericalcarino e a 

escala de incapacidade funcional expandida (EDSS) a fim de verificar se os fatores 

apresentação clinica, tempo e presença da anti-AQP4 teriam valor prognóstico.  

 

HTLV-1 E O ANTICORPO ANTI-AQUAPORINA 4 

Outro ponto a ser destacado é a existência de alguns relatos de casos 

associando mielite infecciosa, lesões centro medulares multi-segmentares e 

anticorpo anti-AQP4. Em países com alta incidência de mielite infecciosa, por vírus, 

fungo ou bactéria, e coincidente alta prevalência de NMO, a especificidade da 
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pesquisa do anticorpo anti-AQP4 pode ser comprometida (34). Além disso, não se 

sabe qual seria a importância destes anticorpos nestes pacientes com mielite 

infecciosa. 

Recentemente, surgiram na literatura casos de indivíduos portadores 

assintomáticos do HTLV-1 ou com a forma clássica de HAM/TSP, que apresentavam 

uma evolução aguda de mielite transversa acompanhada ou não de neurite óptica, 

uma apresentação considerada típica da NMO (35-39). Consequentemente, estas 

síndromes clinicas receberam a denominação de HAM/TSP variante aguda. Estes 

relatos levantaram a possibilidade de o vírus HTLV-1 estar relacionado a surtos de 

NMO, pelo fato de doenças autoimunes frequentemente serem desencadeadas após 

infecções por micro-organismos, como agentes virais, através de mimetismo 

molecular com antígenos próprios em indivíduos geneticamente susceptíveis (3,4); e 

por ambas as doenças apresentarem prevalências elevadas, coincidentemente, em 

certas áreas do globo (40,41), incluindo também o Brasil (42-48).  

Por esse motivo, na primeira parte do nosso trabalho, determinamos os níveis 

do anticorpo anti-HTLV-1 em pacientes com DENMO com o objetivo de avaliar se 

existia uma correlação entre a infecção viral e esta síndrome neurológica. Também 

foi pesquisada a presença de anticorpos anti-AQP4 nesta população de pacientes 

através da técnica de Imunofluorescência indireta em células HEK293 transfectadas 

com o gene da AQP4 humana, método mais sensível (70%) e específico (100%) 

disponível atualmente no mercado internacional (49,50). 

 A seguir, encontra-se um artigo de revisão caracterizando e comparando às 

mielopatias associada ao HTLV-1 e associada ao DENMO, publicada na revista Latin 

American Multiple Sclerosis Journal em 2013. 
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Objetivos                          

 

Objetivos gerais: 

Estudar aspectos clínicos, imunológicos e de neuroimagem por ressonância 

nuclear magnética de pacientes com Distúrbios do Espectro da Neuromielite Óptica 

e estudar se pacientes com NMO apresentam anticorpos anti-HTLV-1, no nosso 

meio. 

 

Objetivos específicos: 

1. Determinar a prevalência de anticorpos anti-AQP4 no soro de pacientes 

acometidos pelo DENMO e pacientes infectados pelo HTLV-1, assintomáticos 

ou acometido pela HAM/TSP, e controles sadios. 

2. Determinar a presença de anticorpos anti-HTLV-1 em pacientes com DENMO, 

HAM/TSP e controles sadios.  

3. Determinar a espessura da camada de fibras nervosas retinianas dos 

pacientes com DENMO através de OCT e compará-las conforme 

apresentação clinica (NMO, MTLE e NO), tempo de doença (5 anos ou menos 

do primeiro surto ou mais de 5 anos de duração) e detecção sérica do 

anticorpo anti-AQP4 (seropositivo ou seronegativo). 

4. Determinar a presença de alterações estruturais da substancia cinzenta e 

substancia branca cerebral através das análises das imagens encefálicas dos 

pacientes com DENMO por VBM, Freesurfer e TBSS, e compará-las conforme 

apresentação clinica (NMO, MTLE e NO), tempo de doença (5 anos ou menos 
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do primeiro surto ou mais de 5 anos de duração) e detecção sérica do 

anticorpo anti-AQP4 (seropositivo ou seronegativo). 

5. Correlacionar o grau de atrofia da camada de fibras nervosas retiniana com a 

espessura do córtex visual pericalcarino e a escala clinica EDSS a fim de 

verificar se os fatores apresentação clinica, tempo e presença da anti-AQP4 

teriam valor como fator de mal prognóstico e indicariam degeneração neuronal 

retrograda e/ou anterógrada.  
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Abstract:  

Although AQP4 is widely expressed in the human brain cortex, brain lesions are rare in 

neuromyelitis optica (NMO). Recently, however, several studies have demonstrated occult 

structural brain atrophy in NMO. Objectives: To investigate magnetic resonance imaging 

(MRI) patterns of gray matter (GM) and white matter (WM) abnormalities in patients with 

NMO and its incomplete forms, isolated longitudinally extensive transverse myelitis and optic 

neuritis, and to assess the prognostic impact of GM and WM abnormalities in these 

conditions. Methods: Thirty-four patients with NMO spectrum disorders (NMOSD) and 34 

matched healthy controls underwent both 3T high-resolution T1-weighted and diffusion tensor 

MRI. Voxel-based morphometry (SPM8/MATLAB2012b), cortical analyses (Freesurfer), and 

diffusion tensor imaging analyses (TBSS-FSL) were used to investigate brain abnormalities. 

In addition, retinal nerve fiber layer measurement by optic coherence tomography (OCT) was 

performed. Results: We demonstrate that NMOSD is associated with GM and WM atrophy, 

that this atrophy encompasses more than the motor, sensory, and visual pathways, that it is 

more widespread in patients with NMO and LETM than in patients with ON, that the extent of 

GM atrophy correlates with disease duration, and that GM/WM atrophy in NMOSD is more 

pronounced in AQP4 antibody-seropositive than in -seronegative patients. Furthermore, we 

demonstrate for the first time a correlation between RNFL atrophy and GM atrophy in the 

occipital lobes as assessed by OCT. Conclusion: Our findings indicate a role for retrograde 

degeneration in GM atrophy in NMOSD and suggest that the extent of brain GM/WM atrophy 

may be of prognostic relevance in NMOSD. 
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Introduction 

Neuromyelitis optica (NMO) is an inflammatory relapsing disease of the central nervous 

system (CNS) of putative autoimmune etiology which is characterized by severe attacks of 

myelitis and optic neuritis (ON)1-2. In 60-80% of cases, NMO is associated with antibodies to 

aquaporin-4 (AQP4ab), the most abundant water channel in the CNS, and its presence is 

related to a relapsing and often worse disease course3-6. AQP4ab are also detectable in around 

60% of patients with isolated longitudinally extensive transverse myelitis (LETM)7 and in 5-

25% of patients with recurrent, isolated ON6,8,9, which are therefore considered formes frustes 

of NMO10. 

Although AQP4 is also expressed widely in the human brain cortex11, beyond the 

common sites of lesions in NMO, recent studies have found no MRI or histopathological 

evidence for cortical demyelination11,12. However, two independent neuroimaging studies 

demonstrated occult structural brain atrophy, predominantly involving regions connected with 

sensorimotor and visual systems12-13. 

Without signs of cortical demyelination or global atrophy, it was suggested that this 

focal cortical atrophy could be related to retrograde degeneration, triggered by lesions of the 

optic nerve and spinal cord11-14. Similarly, optical coherence tomography (OCT) studies have 

demonstrated a severe reduction in the thickness of the retinal nerve fiber layer (RNFL) in 

NMO, as a consequence of Wallerian degeneration following ON15-18. 

In this study, we used high-field MRI (3T) and applied a multiparametric 

neuroimaging approach to investigate the presence and extent of both gray matter (GM) and 

white matter (WM) abnormalities in patients with NMO spectrum disorders (NMOSD). 

Intrigued by the clear distinction of neurological manifestation between subgroups, we 

searched for differences in the pattern of abnormalities between the incomplete or inaugural 



64 
 

forms of NMO (LETM and ON) and established NMO. In addition, we explored possible 

associations between clinical and laboratory factors of known prognostic impact (AQP4ab 

seropositivity, RNFL atrophy, and disease duration) and the extent of GM/WM abnormalities. 

 

Patients and Methods 

Patients 

This was a single-center, cross-sectional study including 34 consecutive patients [15 with 

NMO, 10 with LETM, and 9 with relapsing ON (rON)] and 34 healthy individuals matched 

for sex and age. Patients were stratified according to AQP4ab serostatus (19 seropositive, 15 

seronegative patients) and disease duration [short duration (≤ 5 years): 22 patients; longer 

duration (> 5 years): 12 patients]. NMO and patients with syndromes considered to carry a 

high risk of conversion to NMO (AQP4ab seropositive ON; LETM) were classified as 

NMOSD10. All patients were recruited during regular follow-up visits at the neurological 

outpatient unit of the University of Campinas (UNICAMP) Hospital, São Paulo, Brazil, 

between January 2011 and October 2012.  

UNICAMP Ethics Committees for Research approved the study, and informed written 

consent was obtained for all patients. For minors, consent was provided by their parents. 

All patients were seronegative for anti-HIV and anti-HTLV1/2 antibodies19. All 19 

AQP4ab-seropositive NMOSD patients were treated with immunosuppressive drugs (e.g. 

azathioprine, methotrexate, or rituximab). In the AQP4ab-seronegative subgroup, two patients 

with LETM and three with ON were not treated with immunosuppressive drugs, because of a 

long relapse-free period and no sign of inflammatory activity during the study. All OCT scans 

were performed more than 3 months after the most recent episode of ON to ensure that the 

results were not affected by acute optic disk swelling.   



65 
 

NMO was diagnosed according to Wingerchuk’s revised 2006 criteria without the need 

for positive AQP4ab testing20. LETM was defined as acute myelitis with spinal cord lesions 

extending over three or more vertebral segments on MRI; rON as the occurrence of at least 

two episodes of clinical ON, with an interval of at least 30 days between them, and absence of 

brain lesions outside the optic nerves20. The rON patients with seronegative AQP4ab were 

studied as a separate group due to the low risk of conversion to NMO. 

The expanded disability status scale (EDSS) was used as a measure of disease severity. 

In addition, serum samples were collected and both MRI acquisitions and OCT analysis were 

performed for each patient.  

 

Methods 

AQP4ab testing. We tested all peripheral blood samples for AQP4ab in a commercial, 

standardized cell-based immunofluorescence assay employing recombinant human full-length 

AQP4 (Euroimmun AG, Luebeck, Germany)21 at the UNICAMP Neuroimmunology 

Laboratory. 

Optical coherence tomography. All patients were scanned using the commercially available 

SOCT Spectralis OCT™ (Heidelberg Engineering, Heidelberg, Germany). The Spectralis 

software version was 5.0. This instrument uses a wavelength of 820nm in the near-infrared 

spectrum in the SLO mode. The light source of the SOCT is a superluminescent diode with a 

wavelength of 870nm. The OCT system simultaneously captures infrared fundus and spectral 

domain (SD) OCT images at 40,000 A-scans per second. A real-time eye-tracking system 

measures eye movements and provides feedback to the scanning mechanism, to stabilize the 

retinal position of the B-scan. This system thus enables sweep-verging at each B-scan location 
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to reduce speckle noise. The average number of scans to produce each circular B scan was 

nine. The RNFL Spectralis protocol generates a map showing the average thickness and six 

sector thicknesses (supero-nasal, nasal, infero-nasal, infero-temporal, temporal, and supero-

temporal) in the clockwise direction for the right eye and counterclockwise for the left eye.  

Magnetic resonance imaging. All patients and controls underwent MRI on a Phillips 

Achieva-Intera 3-T scanner at UNICAMP hospital. T1- and T2-weighted images were 

acquired in axial, coronal, and sagittal planes with thin cuts. All patients underwent a 

comprehensive MRI protocol for demyelinating disease (see details on supplementary 

material) which was evaluated by a certified radiologist (FHRvG). We also obtained two 

specific sequences that were later employed for voxel-based morphometry (VBM) and 

diffusion tensor imaging (DTI) analyses, respectively (see details on supplementary material).  

VBM protocol and analysis. We used VBM8 (http://dbm.neuro.uni-jena.de/vbm) SPM8 

(http://www.fil.ion.ucl.ac.uk/spm) running on MATLAB-R2012b to extract GM and WM 

maps from each subject and to perform statistical comparisons among different groups and 

controls. Regarding spatial normalization, we also applied a more sophisticated registration 

model (the DARTEL algorithm) that substantially reduces the imprecision of intersubject 

registration22. Processed images of patients and controls were compared using a voxelwise 

statistical analysis23. We exclusively reported clusters that survived an uncorrected threshold 

of p<0.001 with at least 30 contiguous voxels and a minimum statistical T=3.4. The results 

were not corrected for multiple comparisons due to the exploratory nature of this study. In 

order to display the results and pinpoint their anatomical location we used an additional SPM 

extension, XJVIEW (http://www.alivelearn.net/xjview) (see details on supplementary 

material). 

http://dbm.neuro.uni-jena.de/vbm
http://www.alivelearn.net/xjview/


67 
 

DTI analyses. We processed the diffusion data with FSL software V.4.1.424, starting with 

FMRIB’s Diffusion Toolbox (FDT) to perform head motion and eddy current correction, 

followed by Brain Extraction Tool25 to extract non-brain voxels and create a brain mask. 

Fractional anisotropy (FA) maps in the subject native space were then obtained by fitting a 

tensor model to the raw diffusion data with DTIFIT. 

Comparison of groups was then carried out with tract-based spatial statistics (TBSS), also part 

of the FSL software V.4.1.426, which involves some pre-processing steps before the final 

analyses. The voxelwise statistics employed a permutation test (n=5000) using the “program 

randomize” segment of FSL. The statistically significant voxels were identified with 

threshold-free cluster enhancement (TFCE) applying familywise error correction threshold 

(FWE) for multiple comparisons with the threshold of p<0.05. We used the Johns Hopkins 

WM DTI-based atlas within the FSL, localizing the areas with FA reduction resulting from 

statistical analyses (see details on supplementary material). 

Cortical analyses. We used an automated brain segmentation software, Freesurfer image 

analysis suite v5.1.0 (http://surfer.nmr.mgh.harvard.edu), to obtain cortical thickness 

measurements and volumetric segmentation in groups of patients compared to paired 

controls27.  Univariate correlations between continuous variables were assessed using the 

Pearson correlation coefficient and those including discrete variables with the Spearman rank 

correlation coefficient (r). Data were analyzed using GraphPad Prism 5. The statistical 

significance of differences was determined by Unpaired T Test with Welch's correction and 

by ANOVAs without assuming Gaussian distribution (Kruskal–Wallis test) and subsequent 

Dunn’s multiple comparison tests. Differences with p values <0.05 were considered 

statistically significant. 

http://surfer.nmr.mgh.harvard.edu/
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Results  

Demographic, clinical, and serological characteristics of the patients are given in Table 1.  

There was a female preponderance in all groups, which is accordance with published data on 

the epidemiology of NMOSD1,2,28. The LETM group had shorter disease duration (1 year) 

than the others groups. Patients with AQP4ab-seropositive status and longer disease duration 

presented more relapses and worse EDSS scores than those with AQP4ab-seronegative status 

and shorter disease duration. As in previous studies1,29, cerebrospinal fluid (CSF)-restricted 

IgG oligoclonal bands were detected in only few patients, with no significant difference 

regarding AQP4ab serostatus or disease duration (Table 1). 

RNFL atrophy  

OCT could not be performed in two patients in whom visual acuity was bilaterally reduced to 

perception of light. The overall average thickness and the thickness in almost all of the six 

sectors (supero-nasal, nasal, infero-nasal, infero-temporal, temporal, and supero-temporal) 

were significantly lower in both the NMO and the ON group than in the LETM group (Table 

1 and Figure 1). Longer disease duration was associated with more severe RNFL atrophy 

than shorter duration. Overall average RNFL thickness did not differ between AQP4ab-

positive and AQP4ab-negative patients; however, AQP4ab-positive patients presented more 

atrophy in the temporal RNFL sector (mean ± standard deviation: 43.24 ± 19.76µm vs. 53.93 

± 20.88µm, p=0.0445) and a tendency to more atrophy in the supero-nasal (p=0.0639) and 

infero-nasal sectors (p=0.0724) (Table 1). 

RNFL atrophy correlates with pericalcarine cortical thickness and EDSS score 
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To study the impact of RNFL atrophy in the visual system pathway we correlated the overall 

average RNFL from both eyes with the cortical thickness of the pericalcarine bilateral GM 

area. As both eyes of a given patient are at the same risk of relapse, and because subclinical 

episodes of ON may cause a small amount of retinal damage to the contralateral eye18, we 

analyzed the mean of the bilateral RNFL of each patient. We found a positive correlation 

between RNFL thinning and cortical pericalcarine atrophy (r= 0.5299, r2= 0.2451, p= 0.0031). 

We also observed a negative correlation between EDSS score and RNFL thinning (r= -0.5057, 

r
2= 0.2166, p= 0.0099) (Figure 1). 

GM results 

VBM analysis revealed significant GM volumetric reduction in some areas of the frontal, 

parietal, temporal, occipital, and limbic lobes and in the cerebellum in the NMOSD group and 

in the NMO and LETM subgroups compared to sex- and age-matched controls. The ON group 

showed atrophy restricted to the occipital lobe. Patients with longer duration of disease and 

those in the AQP4ab-positive group presented both larger and more abundant clusters (Figure 

2, Supplementary Table 1). 

To confirm these findings, we performed cortical thickness analyses (Tables 2, 

Supplementary Figure 1). These analyses revealed a more widespread pattern of cortical 

atrophy in the NMOSD group and in the NMO and LETM subgroups than in paired ON and 

controls, encompassing areas of the frontal, parietal, temporal, occipital, and limbic lobes and 

cerebellar cortex volume. However, cortical thinning in patients with ON was restricted 

principally to the visual pathways. With regard to AQ4ab serostatus and disease duration, 

direct comparison of both AQP4ab-positive vs. AQP4ab-negative groups and shorter duration 

vs. longer duration of disease showed no significant differences. When we compared each of 
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these four groups with normal controls, however, we detected significant cortical thinning 

encompassing areas of the frontal, parietal, occipital, and limbic lobes in all groups. The group 

with longer disease duration showed more areas of cortical thinning than the shorter duration 

group. AQP4-positive and AQP4-negative groups showed no difference regarding the number 

of areas affected (Table 2, Supplementary Figure 1).  

WM results 

VBM identified several areas of WM volumetric reduction in areas of the brainstem, 

cerebellum, optic chiasm, and frontal, parietal, temporal, occipital, and limbic lobes in the 

NMOSD group and in the NMO and LETM subgroups compared to matched controls. The 

ON group demonstrated WM volumetric reduction restricted to the visual pathways . Patients 

with AQP4ab-positive serostatus showed more widespread WM atrophy (Figure 2, 

Supplementary Table 1).  

TBSS analysis performed to confirm the VBM findings revealed reduced FA involving 

diffuse subcortical white matter of the frontal, parietal, temporal, occipital, and limbic lobes, 

brainstem, and cerebellum in the NMOSD, NMO, and LETM subgroups. We detected a more 

restricted pattern of FA reduction in the ON group, encompassing exclusively the visual 

pathways. Patients with AQP4ab-positive serostatus demonstrated more widespread WM 

microstructural abnormalities than AQP4ab-negative patients (Figure 3, Supplementary 

Table 2). 

Discussion 

We have demonstrated (i) that NMOSD is associated with both GM and WM atrophy; (ii) that 

this atrophy is not restricted to the motor, sensory, and visual pathways; (iii) that the extent of 
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GM atrophy correlates with disease duration; and (iv) that GM and WM atrophy in NMOSD 

are more pronounced in AQP4ab-seropositive than in AQP4ab-seronegative patients. 

Furthermore, we have shown for the first time a correlation between RNFL atrophy and GM 

atrophy in the occipital lobes as assessed by OCT. 

Correlation of RNFL atrophy with pericalcarine cortical thickness and EDSS score 

We found severe RNFL reduction in the NMO group in almost all retinal areas studied; in 

contrast, the atrophy affects mainly the temporal RNFL in multiple sclerosis (MS)16-18. These 

findings provide further evidence for the notion that NMO and MS are distinct disease 

entities. 

The marked reduction in the thickness of the RNFL following ON observed by us and 

others, which has been shown to be directly related to loss of retinal ganglion cell axons and 

optic nerve atrophy16-18, matches clinical studies demonstrating more severe visual disability 

in NMO than in MS18. Merle et al. described an average time to blindness of just 2 years in the 

first eye and 13 years in the second eye30. Another study found that 18% of patients were 

functionally blind at last follow-up after a median disease duration of approximately 6 years31. 

As both eyes of any given patient are at the same risk of relapse attack, and because 

subclinical episodes of ON may cause a small amount of retinal damage to the contralateral 

eye18, we analyzed the mean bilateral RNFL from each patient. By contrast, previous studies 

had analyzed only the eye previously affected by ON17,18 or the left and the right eyes of each 

group separately16. This approach also permitted the correlation of RNFL with the mean 

occipital cortical thickness, as both sides receive input from both eyes, meaning that a 

unilateral optic nerve lesion could affect both sides of the visual pathway. In accordance with 
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the notion that ON attacks in NMOSD are more destructive and bear greater potential for 

causing visual disability than in MS, we detected a correlation between disability, as measured 

by EDSS score, and RNFL thickness, corroborating results from a previous study whose 

authors hypothesized that this finding could be related to widespread axonal damage in the 

central nervous system16. 

Our results revealed that more severe atrophy of cortical thickness and RNFL was 

associated with both AQP4ab seropositivity and longer disease duration in NMOSD. Initially, 

we hypothesized that this finding could be related to the fact that the group with shorter 

disease duration included all the patients with LETM, but even after removal of these patients 

from the analysis the difference remained statistically significant (65.77 ± 29.57µm vs. 49.91 

±29.59µm; p=0.0326). 

WM and GM atrophy 

WM atrophy was assessed by VBM, that provide a macroscopic map of atrophy and TBSS, 

that enable the identification of microstructural damage, therefore essentially complementary 

tools. We demonstrated restricted WM lesions encompassing the optic radiations in the ON 

group, while a more diffuse pattern was detected in the NMOSD and NMO groups. Even the 

LETM group, despite the shorter disease duration, demonstrated more widespread WM 

microstructural lesions than the ON and control groups as assessed by TBSS. AQP4ab-

positive serostatus was related to more abnormalities, suggesting a pathogenic role for this 

antibody. 

The cerebral cortex presented more focal areas of GM atrophy throughout the lobes in 

patients with NMO and LETM (Figure 2, Supplementary Tables 1 and 2), while patients 
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with isolated ON presented a more restricted pattern of cortical thinning limited mainly to the 

occipital lobes, arguing against major subclinical damage to the spinal cord in these patients. 

In contrast, no OCT abnormalities were present in the LETM group, suggesting that there was 

no subclinical optic nerve damage in these patients. Furthermore, we demonstrated GM 

volumetric reduction and cortical thinning in AQP4ab-seronegative and -seropositive patients 

but a more severe pattern in the seropositive ones, in accordance with the worse clinical 

evolution in these patients. Thus, the pattern of GM/WM atrophy observed in our patients 

with NMOSD is different from the pattern seen in patients with classical MS, which is 

characterized by extensive, diffuse cortical demyelination associated with global and more 

severe GM atrophy, as well as neuronal loss12,32.  

In accordance with two previous studies, our results revealed mild thinning in cortical 

areas (postcentral, precentral, and calcarine gyri) that are connected to the motor, sensory, and 

visual pathways as well as correlation with both disease duration and disability12,33. However, 

the cause of cortical atrophy in NMO is still not fully understood. Despite the fact that 

AQP4ab is widely expressed in the brain cortex, a neuropathological study of 19 autopsied 

patients disclosed signs of neither cerebral cortical demyelination nor disruption of the cortical 

distribution of AQP411, but rather revealed prominent astrogliosis, mostly involving 

interlaminar astrocytes. This would suggest that the GM/WM changes are somewhat related to 

retrograde degeneration of neurons after axonal transection in the spinal cord, optic nerves, 

and/or WM. The authors speculated that the absence of cortical inflammation in their study 

might have been due to specific characteristics of parenchymal organization of the brain 

cortex, such as blood–brain barrier permeability or astrocytic and microglial disposition11. 

Extending these previous findings, we demonstrate that RNFL atrophy is particularly 
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correlated with pericalcarine cortex thinning, which strongly suggests axonal damage and 

Wallerian degeneration across the visual pathway (Figure 1). 

 Nevertheless, a contribution of additional inflammatory damage to GM atrophy cannot 

be fully ruled out. In fact, a recent study demonstrated loss of AQP4 and glial fibrillary acidic 

protein in the WM of the temporal lobe associated with loss of AQP4 in the adjacent GM in a 

single AQP4ab-positive patient 34, and an earlier MRI study detected decreased magnetization 

transfer ratio (MTR) and increased mean diffusivity (MD) in the GM of patients with NMO, 

possibly indicating GM tissue damage14. Moreover, our results revealed that some areas of 

mild GM atrophy are present in almost all cerebral lobes, extending over the previously 

described areas associated with motor, sensory, and visual pathways (Table 2, 

Supplementary Figure 1, Supplementary Tables 1 and 2). 

Importantly, both the localized pattern of GM/WM atrophy and the global retinal 

RNFL reduction, which are atypical for MS, were present not only in the AQP4ab-

seropositive but also in the AQP4ab-seronegative group. This further supports the notion that 

seronegative NMO is not simply a special manifestation of MS, as already suggested by 

clinical, CSF, and spinal MRI data2,10.  

The relatively small number of individuals tested (n=68) is a potential limitation of our 

study. Nevertheless, NMO is a very rare disease and large-scale studies are therefore generally 

difficult to perform. To overcome the limitations of using a single imaging method, we used 

high-field MRI (3T) and applied different methods to evaluate both GM and WM 

abnormalities, including VBM (with the DARTEL algorithm), Freesurfer, and TBSS, three 

validated and unbiased methods. 



75 
 

In conclusion, the finding of a restricted pattern of cortical atrophy in ON and more 

widespread atrophy in both NMO and LETM suggests a possible involvement of retrograde 

degeneration in the mechanism of GM atrophy, a hypothesis supported by the fact that 

neuropathological studies did not identify cortical demyelination in most patients with NMO, 

despite wide distribution of APQ4 in the cerebral cortex. A more severe pattern of GM and 

WM abnormalities in AQP4ab-positive patients was expected, as these patients present more 

severe disease. The mechanisms that protect cortical AQP4 against antibody-dependent 

cytotoxicity remain to be elucidated. 
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Table legends 

Table 1. Demographic, baseline clinical characteristics and OCT analysis of the RNFL by 

clinical presentations, AQP4ab serostatus, and disease duration. 

 

Table 2. Brain structures volumetric reduction and areas of cortical thinning (mean left and 

right hemispheres) in NMOSD patients, comparing its clinical presentations, AQP4ab 

serostatus and length of disease duration to normal controls. 

 

Figure legends 

Figure 1. Retinal nerve fiber layer atrophy associated with EDSS score and pericalcarine 

cortical thinning. (A) An example of OCT analysis: the affected left eye of a NMO patient. 

Note the RNFL thinning in all sectors, indicating diffuse and severe axonal loss. (B) 

Pronounced RNFL atrophy in the NMO and ON groups compared with the LETM group 

(Kruskal–Wallis test with Dunn’s multiple comparison, p = 0.0016). (C) Pronounced RNFL 

atrophy related to disease duration, in patients with more than 5 years of disease (Mann–

Whitney test. p=0.0034). The differences in AQP4ab serostatus did not reach statistical 

significance. (D) RNFL thinning correlates with EDSS score (r= -0.5057, r
2= 0.2166, p= 

0.0099). Each plot represents the correlation of the means of global right and left eye RNFL 

thickness and the EDSS score from each NMOSD patient. (E) RNFL atrophy correlates with 

pericalcarine cortical thickness (r= 0.5299, r2= 0.2451, p= 0.0031). Each plot represents the 

correlation of the means of global right and left eye RNFL thickness and the means of right 

and left pericalcarine cortical thickness from each patient. 

 

Figure 2. Voxel-based morphometry of cerebral gray matter (GM) and white matter 

(WM) in NMOSD patients, comparing its clinical presentations, AQP4ab serostatus and 

length of disease duration to controls. Results of voxelwise analysis showing areas of GM 

and WM volumetric reduction in patients with NMOSD, NMO, LETM, and ON (A) and in 
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the AQP4ab-positive group, the AQP4ab-negative group, patients with disease duration ≤ 5 

years, and patients with disease duration > 5 years (B) after comparison with age- and sex-

matched controls. Note the GM volumetric reduction in some areas of the frontal, parietal, 

temporal, occipital, and limbic lobes and also cerebellum in the NMOSD group and in the 

NMO and LETM subgroups. ON group showed a restricted atrophy to the occipital lobe. Note 

the greater GM and WM atrophy in the AQP4ab-positive subgroup. In the subgroup with 

longer disease duration, GM atrophy was more pronounced after 5 years. Shorter disease 

duration presented more WM volumetric reduction. The results are shown on the MNI152 1 

mm template. MNI z axis coordinates are shown (in mm) above each image. The color-coded 

bars represent the T score. The red bar relates to GM, the blue bar to WM. 

   

Figure 3. White matter microstructural abnormalities demonstrated by tract based 

spatial statistics in NMOSD patients, comparing its clinical presentations, AQP4ab 

serostatus and length of disease duration to controls.  Voxelwise analysis showing areas of 

reduced fractional anisotropy (FA) in patients of the NMOSD group, the NMO group, the 

LETM group, and ON group (A), and the AQP4ab-positive group, those of the AQP4ab-

negative group, those with disease duration ≤ 5 years, and those with disease duration  > 5 

years (B) after comparison with age- and sex-matched controls. Areas with reduced FA are 

shown in yellow–red and represent cluster-based values (p<0.05, corrected with familywise 

error correction). The results are shown on the MNI152 1 mm template. MNI z axis 

coordinates are shown (in mm) above each image. The color-coded bar represents p values 

ranging from 0.05 to <0.001. 

 

Supplementary Tables legends 

Supplementary Table 1. Results of voxel-based morphometry of cerebral gray matter (GM) 

and white matter (WM) in NMOSD patients, comparing its clinical presentations, AQP4ab 

serostatus and length of disease duration to controls. 
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Supplementary Table 2. Results of tract-based spatial statistics voxelwise analysis of FA in 

NMOSD patients, comparing its clinical presentations, AQP4ab serostatus and length of 

disease duration to controls. 

 

Supplementary Figure legends 

Supplementary Figure 1. Cortical thickness decreases in NMOSD patients. Spatial 

distribution of cortical thickness thinning in NMOSD patients, comparing its clinical 

presentations, AQP4ab serostatus and length of disease duration to controls. Hotter colors 

indicate reduced cortical thickness in patients with NMOSD (A), NMO (B), LETM (C), ON 

(D), and in the AQP4ab-positive group (E), the AQP4ab-negative group (F), patients with 

disease duration ≤ 5 years (G), and patients with disease duration  > 5 years (H) after 

comparison with age- and sex-matched controls. The color-coded bar represents the T score. 
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Table 1. Demographic, baseline clinical characteristics and OCT analysis of the RNFL by clinical presentations, AQP4ab serostatus, and disease duration.   

  NMOSD NMO LETM ON p value† < = 5 years > 5 years p value‡ AQP4ab + AQP4ab - p 
value‡ 

Patients # 27 15 10 9 
 

22 12 
 

19 15 
 

Age (years)* 42 (14-76) 38 (17-63) 49 (14-76) 28 (16-49) 0.0769 40 (14-76) 38 (17-63) 0.9856 38 (14-63) 39 (16-76) 0.9585 

Gender F / M  24 / 3  15 / 0  7 / 3  6 / 3 0.0658  18 / 4  10 / 2 1  17 / 2  11 / 4 0.3696 

Time from first symptoms  
(years)* 

5 (0.9-19) 6 (2-19) 1 (0.9-3) 5 (0.9-9) 0.0012 2 (0.9-5) 8.5 (6-19) P<0.0001 5 (1-19) 2.0 (0.9-9) 0.0615 

Number of relapses* 3 (1-15) 5 (3-15) 2 (1-3) 4 (2-9) 0.001 3 (1-6) 8.5 (2-15) 0.002 4 (2-15) 2.0 (1-9) 0.0012 

EDSS* 4 (1-8.5) 5 (2-8.5) 2.5 (1-7) 3 (1-4) 0.0315 3 (1-8.5) 4 (1-8) 0.1017 4.5 (1.5-8.5) 3 (1-6.5) 0.0373 

AQP4ab (%) 19/27 (70%) 13/15 (87%) 4/10 (40%) 2/9 (22%) 
 

11/22 (50%) 8/12 (67%) 
 

19 /19(100%) 0/15 (0%) 
 

CSF oligoclonal bands 
(%)** 

11/27 (41%) 6/15 (40%) 3/10 (30%) 2/9 (22%) 0.7377 6/22 (27%) 6/12 (50%) 0.2655 8/19(42%) 4/15 (27%) 0.4764 

Overall average RNFL 
thickness (µm)¶ 

69.65 ± 30.76 58.62 ± 30.34 91.72 ± 18.84 56.72 ± 31.12 0.0034 77.45 ± 28.22 49.91 ± 29.59 0.003 62.29 ± 31.76 74.21 ± 30.27 0.151 

Inferior nasal RNFL 
thickness (µm)¶ 

85.52 ± 45.73 72.88 ± 43.15 113.1 ± 39.66 69.78 ± 39.21 0.0068 98.1 ± 40.9 57.36 ± 39.43 P<0.0001 76.65 ± 45.85 92.14 ± 42.34 0.0724 

Superior nasal RNFL 
thickness (µm)¶ 

81.56 ± 39.72 68.23  ± 39.24 107.4  ± 29.87 64.28 ± 34.11 0.0031 90.18 ± 35.44 57.14 ± 38.04 0.0009 70.59 ± 39.35 88 ± 38.05 0.0639 

Nasal RNFL thickness 
(µm)¶ 

49.69 ± 28.05 39.65 ± 28.56 68.61 ± 16.06 37.06 ± 26.95 0.0016 56.68 ± 24.48 30.27 ± 27.12 0.0003 43.50 ± 30.12 51.93 ± 25.59 0.2548 

Inferior temporal RNFL 
thickness (µm)¶ 

94.48 ± 44.53 84.50 ± 46.08 118.8 ± 30.96 85.22 ± 49.32 0.055 106.4 ± 42.37 73.32 ± 43.62 0.0042 87.38 ± 47.58 103.5 ± 41.64 0.1337 

Superior temporal RNFL 
thickness (µm)¶ 

95.98 ± 42.09 80.54 ± 38.55 127.6 ± 27.24 73.78 ± 44.71 0.0005 106 ± 41.28 67.23 ± 36.61 0.0008 87.82 ± 41.51 97.57 ± 46.18 0.5812 

Temporal RNFL 
thickness (µm)¶ 

49.17 ± 20.38 41.77 ± 18.54 64.61 ± 12.83 40.61 ± 21.78 0.0009 52.63 ± 19.69 39.77 ± 20.64 0.0149 43.24 ± 19.76 53.93 ± 20.88 0.0445 

Abbreviations: NMOSD= neuromyelitis optica spectrum disorders; LETM= longitudinal extensive transverse myelitis; ON= optic neuritis;  

AQP4ab+= seropositivity for anti-AQP4 antibody; AQP4ab-= seronegativity for anti-AQP4 antibody;  EDSS= expanded disability status scale 

*Median (range); **CSF Oligoclonal bands= Two or more cerebrospinal fluid restricted IgG oligoclonal bands 

¶Mean ± (SD); †Kruskal-Wallis with Dunn's Multiple Comparison Test; ‡Mann Whitney test 
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Table 2. Brain structures volumetric reduction and areas of cortical thinning (mean left and right hemispheres)  in NMOSD patients, comparing its clinical 
presentations,  AQP4ab serostatus and length of disease duration to normal controls. 

Gray matter area NC NMOSD p value¥ NMO LETM ON p value†  AQP4ab + AQP4ab - p 
value¥  = < 5 years > 5 years p value¥ 

Total cortex volume 438 ± 56.3 406.1 ± 85.9 0.0809 391.9 ± 76.5 383.2 ± 94.1 459.3 ± 75.4 0.027 403.1 ± 84.8 409.4 ± 89.01 0.1438 417.5 ± 89.2 380.9 ± 74.6 0.2407 
Brain stem 20.24 ± 2.91 19.22 ± 4.57 0.2902 17.68 ± 3.58 20.62 ± 5.85 20.17 ± 4.04 0.1504 18.9 ± 5.43 19.6 ± 3.51 0.214 19.8 ± 4.55 17.9 ± 4.56 0.278 

Optic quiasm 0.21 ± 0.09 0.22 ± 0.08 0.6228 0.19 ± 0.08 0.24 ± 0.08 0.25 ± 0.09 0.4451 0.20 ± 0.08 0.24 ± 0.09 0.5691 0.23 ± 0.08 0.19 ± 0.08 0.1824 
Cerebellar cortex 91.51  ± 10.7 88.95 ± 24.8 0.5918 79.64  ± 16.4 93.07  ± 32.1 100.1 ± 23.6 0.0663 87.3 ± 26 90.9 ± 24.1 0.3077 93.3 ± 26.9 79.5 ± 16.7 0.0884 

Thalamus 6.62 ± 0.97 6.54 ± 1.37 0.7043 6.43 ± 1.31 6.14 ± 1.45 7.25 ± 1.18 0.0343 6.49 ± 1.27 6.6 ± 1.5 0.546 6.72 ± 1.32 6.16 ± 1.44 0.1499 
Pericalcarine 1.62 ± 0.13 1.55 ± 0.16 0.0058 1.53 ± 0.15 * 1.57 ± 0.17 1.57 ± 0.17 0.0296 1.56 ± 0.15 1.54 ± 0.17 * 0.4856 1.56 ± 0.15 1.52 ± 0.17 * 0.3447 

Lingual 2.04 ± 0.15 1.97 ± 0.17 0.0066 1.90 ± 0.12 ** 1.97 ± 0.20 2.07 ± 0.17 0.0004 1.94 ± 0.16 * 1.99 ± 0.18 0.6473 1.98 ± 0.17 1.94 ± 0.17 0.4269 
Cuneus 1.88 ± 0.13 1.80 ± 0.18 0.009 1.75 ± 0.13 ** 1.84 ± 0.17 1.85 ± 0.23 0.0058 1.79 ± 0.15 1.82 ± 0.20 0.9063 1.81 ± 0.17 1.79 ± 0.20 0.6222 

Pre-cuneus 2.38 ± 0.16 2.30 ± 0.19 0.0075 2.24 ± 0.13 ** 2.32 ± 0.23 2.37 ± 0.20 0.0034 2.32 ± 0.18 2.27 ± 0.20 * 0.4285 2.32 ± 0.20 2.25 ± 0.15 * 0.1215 
Fusiform 2.76 ± 0.17 2.75 ± 0.19 0.7292 2.71 ± 0.19 2.76 ± 0.20 2.82 ± 0.18 0.3437 2.76 ± 0.19 2.74 ± 0.19 0.6904 2.77 ± 0.19 2.71 ± 0.19 0.2429 

Paracentral lobule 2.37 ± 0.18 2.21 ± 0.19 P<0.0001 2.16 ± 0.16 ** 2.16 ± 0.23 * 2.34 ± 0.15 P<0.0001 2.21 ± 0.19 ** 2.21 ± 0.20 ** 0.5804 2.23 ± 0.21 ** 2.17 ± 0.15 ** 0.2018 
Superior frontal 2.64 ± 0.20 2.48 ± 0.22 P<0.0001 2.46 ± 0.20 ** 2.42 ± 0.24 ** 2.59 ± 0.22 P<0.0001 2.51 ± 0.20 * 2.45 ± 0.25 ** 0.7144 2.49 ± 0.24 ** 2.46 ± 0.19 ** 0.582 

Frontal pole 2.75 ± 0.35 2.62 ± 0.33 0.0282 2.60 ± 0.33 2.54 ± 0.32 2.73 ± 0.32 0.0544 2.60 ± 0.27 2.63 ± 0.39 0.739 2.64 ± 0.32 2.58 ± 0.36 0.5171 
Medial orbito-frontal 2.54 ± 0.20 2.40 ± 0.29 0.0024 2.43 ± 0.27 2.27 ± 0.33 ** 2.50 ± 0.25 0.0006 2.45 ± 0.27 2.33 ± 0.31 ** 0.5072 2.4 ± 0.32 * 2.39 ± 0.21 0.8177 

Cingulate rostral anterior 2.99 ± 0.30 2.82 ± 0.36 0.0056 2.86 ± 0.36 2.67 ± 0.39 ** 2.94 ± 0.30 0.003 2.87 ± 0.37 2.77 ± 0.36 0.7871 2.81 ± 0.39 2.85 ± 0.32 0.6651 
Cingulate caudal anterior 2.68 ± 0.27 2.51 ± 0.30 0.0008 2.54 ± 0.30 2.45 ± 0.29 ** 2.53 ± 0.32 0.0053 2.51 ± 0.32 * 2.50 ± 0.28 * 0.8974 2.50 ± 0.28 ** 2.52 ± 0.36 0.8127 

Cingulate posterior 2.65 ± 0.18 2.48 ± 0.23 P<0.0001 2.40 ± 0.17 ** 2.49 ± 0.29 * 2.57 ± 0.21 P<0.0001 2.47 ± 0.23 ** 2.48 ± 0.23 ** 0.5172 2.51 ± 0.24 ** 2.4 ± 0.17 ** 0.0554 
Cingulate isthmus 2.62 ± 0.24 2.51 ± 0.29 0.0275 2.45 ± 0.24 2.47 ± 0.37 2.65 ± 0.23 0.0121 2.5 ± 0.24 2.52 ± 0.35 0.8813 2.52 ± 0.30 2.48 ± 0.27 0.5708 
Parahippocampal 2.91 ± 0.31 2.90 ± 0.37 0.7774 2.8 ± 0.42 2.90 ± 0.32 3.05 ± 0.29 0.1297 2.82 ± 0.42 2.98 ± 0.29 0.2447 2.85 ± 0.37 3.01 ± 0.35 0.1229 

Entorhinal 3.58 ± 0.29 3.60 ± 0.40 0.7752 3.56 ± 0.37 3.50 ± 0.42 3.81 ± 0.38 0.0728 3.59 ± 0.38 3.61 ± 0.43 0.932 3.58 ± 0.43 3.65 ± 0.32 0.4924 
Temporal pole 3.78 ± 0.47 3.87 ± 0.30 0.2016 3.90 ± 0.23 3.79 ± 0.38 3.92 ± 0.32 0.4472 3.96 ± 0.24 3.77 ± 0.33 0.1506 3.86 ± 0.31 3.9 ± 0.29 0.6132 

Temporal inferior 2.84 ± 0.17 2.85 ± 0.22 0.7502 2.83 ± 0.18 2.85 ± 0.22 2.89 ± 0.27 0.7726 2.89 ± 0.22 2.80 ± 0.20 0.1138 2.89 ± 0.22 2.76 ± 0.19 0.0154 
Temporal middle 2.87 ± 0.18 2.87 ± 0.23 1 2.82 ± 0.21 2.87 ± 0.23 2.96 ± 0.25 0.1991 2.89 ± 0.23 2.85 ± 0.22 0.4371 2.91 ± 0.25 2.79 ± 0.18 0.0442 

Temporal superior 2.84 ± 0.18 2.75 ± 0.24 0.0201 2.73 ± 0.21 2.64 ± 0.25 * 2.89 ± 0.21 0.0003 2.76 ± 0.22 2.74 ± 0.26 0.9826 2.74 ± 0.25 2.77 ± 0.21 0.6598 
Temporal transverse 2.38 ± 0.24 2.32 ± 0.34 0.2689 2.32 ± 0.29 2.15 ± 0.32 2.51 ± 0.37 0.0028 2.34 ± 0.33 2.3 ± 0.36 0.9756 2.32 ± 0.35 2.33 ± 0.35 0.9139 

Frontal rostral-middle 2.25 ± 0.18 2.15 ± 0.17 0.001 2.15 ± 0.17 2.12 ± 0.18 * 2.18 ± 0.16 0.0077 2.16 ± 0.18 2.14 ± 0.15 * 0.8221 2.16 ± 0.17 2.12 ± 0.16 * 0.357 
Frontal caudal-middle 2.40 ± 0.16 2.27 ± 0.18 P<0.0001 2.31 ± 0.18 2.21 ± 0.19 ** 2.32 ± 0.16 0.0001 2.31 ± 0.19 2.25 ± 0.17 ** 0.5061 2.27 ± 0.20 ** 2.30 ± 0.15 0.5686 
Frontal lateral-orbito 2.71 ± 0.20 2.63 ± 0.26 0.0412 2.64 ± 0.28 2.54 ± 0.20 * 2.71 ± 0.26 0.0327 2.66 ± 0.23 2.59 ± 0.29 * 0.5706 2.64 ± 0.26 2.6 ± 0.26 0.5511 

Pre-central 2.48 ± 0.15 2.37 ± 0.16 0.0002 2.35 ± 0.16 * 2.33 ± 0.18 * 2.47 ± 0.09 0.0007 2.37 ± 0.16 * 2.38 ± 0.17 0.9751 2.37 ± 0.18 2.38 ± 0.10 0.9416 
Post-central 1.99 ± 0.14 1.91 ± 0.16 0.0022 1.89 ± 0.15 ** 1.89 ± 0.20 1.98 ± 0.13 0.0034 1.91 ± 0.15 * 1.92 ± 0.18 0.2163 1.94 ± 0.18 1.86 ± 0.11 ** 0.042 

Parietal superior 2.17 ± 0.16 2.05 ± 0.14 P<0.0001 2.02 ± 0.10 ** 2.07 ± 0.20 2.08 ± 0.10 0.0003 2.08 ± 0.14 2.03 ± 0.14 ** 0.4232 2.07 ± 0.15 2.02 ± 0.09 ** 0.1065 
Supramarginal 2.53 ± 0.17 2.37 ± 0.19 P<0.0001 2.35 ± 0.14 ** 2.31 ± 0.24 ** 2.49 ± 0.16 P<0.0001 2.4 ± 0.19 ** 2.35 ± 0.19 ** 0.9375 2.38 ± 0.22 ** 2.36 ± 0.11 ** 0.716 
Parietal inferior 2.46 ± 0.19 2.33 ± 0.20 0.0002 2.29 ± 0.14 ** 2.32 ± 0.27 2.42 ± 0.19 P<0.0001 2.35 ± 0.19 * 2.32 ± 0.22 * 0.5686 2.35 ± 0.22 * 2.29 ± 0.14 ** 0.1308 
Occipital lateral 2.19 ± 0.17 2.13 ± 0.15 0.06 2.09 ± 0.13 2.16 ± 0.17 2.17 ± 0.16 0.0565 2.11 ± 0.14 2.16 ± 0.16 0.3353 2.15 ± 0.14 2.09 ± 0.19 0.2267 

Insula 3.04 ± 0.17 2.92 ± 0.23 0.0005 2.87 ± 0.21 ** 2.87 ± 0.21 * 3.06 ± 0.23 P<0.0001 2.90 ± 0.20 ** 2.94 ± 0.25 0.5156 2.94 ± 0.23 2.87 ± 0.22 ** 0.2918 
Abbreviations: NC= normal control; NMOSD= neuromyelitis optica spectrum disorders; LETM= longitudinal extensive transverse myelitis; ON= optic neuritis;  
Mean ± SD of cortical thickness reported for each area in millimeters. For cerebellar cortex, thalamus, optic quiasm, brain stem and total cortex, the volume (in cm3) is reported and normalized for Intracranial Volume. 
†Kruskal-Wallis with Dunn's Multiple Comparison Test; ¥Unpaired T Test with Welch's correction; * p< 0.05 compared to NC; ** p< 0.001 compared to NC. 
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Figure 1. Retinal nerve fiber layer atrophy associated with EDSS score and 
pericalcarine cortical thinning. (A) An example of OCT analysis: the affected left eye of 
a NMO patient. Note the RNFL thinning in all sectors, indicating diffuse and severe axonal 
loss. (B) Pronounced RNFL atrophy in the NMO and ON groups compared with the LETM 
group (Kruskal–Wallis test with Dunn’s multiple comparison, p = 0.0016). (C) Pronounced 
RNFL atrophy related to disease duration, in patients with more than 5 years of disease 
(Mann–Whitney test. p=0.0034). The differences in AQP4ab serostatus did not reach 
statistical significance. (D) RNFL thinning correlates with EDSS score (r= -0.5057, r

2= 
0.2166, p= 0.0099). Each plot represents the correlation of the means of global right and 
left eye RNFL thickness and the EDSS score from each NMOSD patient. (E) RNFL 
atrophy correlates with pericalcarine cortical thickness (r= 0.5299, r2= 0.2451, p= 0.0031). 
Each plot represents the correlation of the means of global right and left eye RNFL 
thickness and the means of right and left pericalcarine cortical thickness from each patient. 
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Figure 2A. 
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Figure 2B.  
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Figure 2. Voxel-based morphometry of cerebral gray matter (GM) and white matter 

(WM) in NMOSD patients, comparing its clinical presentations, AQP4ab serostatus 

and length of disease duration to controls. Results of voxelwise analysis showing areas 

of GM and WM volumetric reduction in patients with NMOSD, NMO, LETM, and ON (A) 

and in the AQP4ab-positive group, the AQP4ab-negative group, patients with disease 

duration ≤ 5 years, and patients with disease duration > 5 years (B) after comparison with 

age- and sex-matched controls. Note the GM volumetric reduction in some areas of the 

frontal, parietal, temporal, occipital, and limbic lobes and also cerebellum in the NMOSD 

group and in the NMO and LETM subgroups. ON group showed a restricted atrophy to the 

occipital lobe. Note the greater GM and WM atrophy in the AQP4ab-positive subgroup. In 

the subgroup with longer disease duration, GM atrophy was more pronounced after 5 years. 

Shorter disease duration presented more WM volumetric reduction. The results are shown 

on the MNI152 1 mm template. MNI z axis coordinates are shown (in mm) above each 

image. The color-coded bars represent the T score. The red bar relates to GM, the blue bar 

to WM. 
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Figure 3A. 
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Figure 3. White matter microstructural abnormalities demonstrated by tract based 

spatial statistics in NMOSD patients, comparing its clinical presentations, AQP4ab 

serostatus and length of disease duration to controls.  Voxelwise analysis showing areas 

of reduced fractional anisotropy (FA) in patients of the NMOSD group, the NMO group, 

the LETM group, and ON group (A), and the AQP4ab-positive group, those of the 

AQP4ab-negative group, those with disease duration ≤ 5 years, and those with disease 

duration  > 5 years (B) after comparison with age- and sex-matched controls. Areas with 

reduced FA are shown in yellow–red and represent cluster-based values (p<0.05, corrected 

with familywise error correction). The results are shown on the MNI152 1 mm template. 

MNI z axis coordinates are shown (in mm) above each image. The color-coded bar 

represents p values ranging from 0.05 to <0.001. 
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Supplementary data 

Comprehensive MRI protocol for demyelinating disease  

MRI protocol. All individuals underwent a comprehensive MRI protocol for 

demyelinating disease which would enable us to disclose any MS like lesions. This 

protocol included MRI encompassing brain, cervical and thoracic spine, with the following 

sequences: 

Brain 

1. T2-weighted TSE images acquired in the axial plane with 4mm slice thickness 

(TR=2581.9ms, TE= 80ms, matrix= 560 x 560mm, field of view= 505 x 554mm). 

2. T2-weighted FLAIR images acquired in the axial plane with 4mm slice thickness 

(TR= 12000ms, TE= 140ms, matrix= 448x 448, field of view= 1145 x 554mm). 

3. Volumetric (three-dimensional) T2-weighted FLAIR images were acquired in the 

sagittal plane with 1mm slice thickness (TR= 5000ms, TE= 334ms, matrix= 240 x 

240, field of view=1145 x 554mm). 

4. T1-weighted MT images acquired in the axial plane with 4mm slice thickness (TR= 

636.5ms, TE= 10ms, matrix= 512 x 512mm, field of view= 505 x 554mm), before 

and after intravenous infusion of paramagnetic contrast agent. 

5. T2-weighted STIR images acquired in the axial plane with 4mm slice thickness 

(TR= 3555.4ms, TE= 40ms, matrix= 560 x 560, field of view= 505 x 554mm). 

6. Diffusion echoplanar images acquired in the axial plane with 4mm slice thickness 

(TR= 4080.4ms, TE= 74.4ms, matrix= 256 x 256, field of view= 1145 x 554mm). 

7. Volumetric (three-dimensional) T1-weighted MT images were acquired in the 

sagittal plane with 2mm slice thickness (TR= 15ms, TE= 1.7ms, matrix= 240 x 240, 

field of view= 505 x 554mm), after intravenous infusion of paramagnetic contrast 

agent. 

Spine 

1. T2-weighted TSE images acquired in the sagittal plane with 3mm slice thickness 

(TR= 2898.9ms, TE= 120ms, matrix= 560 x 560, field of view= 505 x 554mm). 
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2. T2-weighted TSE with fat suppression images acquired in the sagittal plane with 3 

mm slice thickness (TR= 3530.3ms, TE= 120ms, matrix= 560 x 560, field of view= 

1145 x 554mm). 

3. T1-weighted TSE images acquired in the sagittal plane with 3mm slice thickness 

(TR= 584ms, TE= 7.3ms, matrix= 512 x 512, field of view= 1145x 554mm), before 

and after intravenous infusion of paramagnetic contrast agent. 

4. Proton density images acquired in the sagittal plane with 3mm slice thickness (TR= 

1500ms, TE= 8ms, matrix=512 x 512, field of view= 504 x 554mm). 

5. T2-weighted TSE images acquired in the axial plane with 4mm slice thickness 

(TR= 3143.7ms, TE= 120ms, matrix= 512 x 512, field of view= 505 x 512mm). 

6. T2-weighted VISTA images were acquired in the sagittal plane with 3,2mm slice 

thickness (TR= 1800ms, TE= 149.4ms, matrix= 512 x 512, field of view= 505 x 

554mm). 

 

VBM and DTI. We also obtained two specific sequences that were later employed for 

voxel-based morphometry (VBM) and diffusion tensor imaging (DTI) analyses, 

respectively.  

Volumetric (three-dimensional) T1-weighted gradient echo images were acquired in the 

sagittal plane with 1 mm slice thickness (flip angle=35°, TR=7.1 ms, TE=3.2 ms, 

matrix=240 × 240, field of view=240 × 240 mm). DTI was undertaken via a 32-direction 

non-collinear echo planar sequence (flip angle=90°, voxel size=2×2×2 mm3, TR=8500 ms, 

TE=61 ms, matrix=128 × 128, field of view=256 × 256 mm, 70 slices with 3 mm thickness, 

b value =1000). 

VBM protocol and analysis. We used VBM8 (http://dbm.neuro.uni-jena.de/vbm) SPM8 

(http://www.fil.ion.ucl.ac.uk/spm) running on MATLAB-R2012b to extract GM and WM 

maps from each subject and to perform statistical comparisons among different groups and 

controls. This process includes spatial normalization of all image data to the same 

stereotaxic space; segmentation and tissue extraction; spatial smoothing; and correction for 

volume changes induced by spatial normalization (modulation). Regarding spatial 

http://dbm.neuro.uni-jena.de/vbm
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normalization, we also applied a more sophisticated registration model (the DARTEL 

algorithm) that substantially reduces the imprecision of intersubject registration22. 

Processed images of patients and controls were compared using a voxelwise statistical 

analysis23. We used full factorial design from SPM to investigate patterns of WM and GM 

atrophy in the stratified subgroups [clinical (NMOSD, NMO, LETM, and ON), serum 

positivity (AQP4ab+ and AQP4ab–) and disease duration (<= 5 years and >5 years)] in 

comparison to healthy controls. We exclusively reported clusters that survived an 

uncorrected threshold of p<0.001 with at least 30 contiguous voxels and a minimum 

statistical T=3.4. The results were not corrected for multiple comparisons due to the 

exploratory nature of this study. In order to display the results and pinpoint their anatomical 

location we used an additional SPM extension, XJVIEW 

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

DTI analyses. We processed the diffusion data with FSL software V.4.1.424, starting with 

FMRIB’s Diffusion Toolbox (FDT) to perform head motion and eddy current correction, 

followed by Brain Extraction Tool25 to extract non-brain voxels and create a brain mask. 

Fractional anisotropy (FA) maps in the subject native space were then obtained by fitting a 

tensor model to the raw diffusion data with DTIFIT. 

Comparison of groups was then carried out with tract-based spatial statistics (TBSS), also 

part of the FSL software V.4.1.426, which involves some pre-processing steps before the 

final analyses. All FA images are initially aligned to a standard space using the non-linear 

registration. The next step involves the creation of a mean FA template, which then enables 

the generation of the mean FA skeleton. Thereafter, each patient's aligned FA map is 

projected over this skeleton; this is an essential step in the processing algorithm because it 

removes the effect of cross-subject spatial variability. These final data are then used for 

voxelwise cross-subject statistics. The voxelwise statistics employed a permutation test 

(n=5000) using the “program randomize” segment of FSL. The statistically significant 

voxels were identified with threshold-free cluster enhancement (TFCE) applying 

familywise error correction threshold (FWE) for multiple comparisons with the threshold of 

p<0.05. We used the Johns Hopkins WM DTI-based atlas within the FSL, localizing the 

areas with FA reduction resulting from statistical analyses. 

http://www.alivelearn.net/xjview/
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Supplementary Table 1. Results of voxel-based morphometry of cerebral gray matter 

(GM) and white matter (WM) in NMOSD patients, comparing its clinical 

presentations, AQP4ab serostatus and length of disease duration to controls. 

Supplementary Table 1. Results of voxel-based morphometry of cerebral gray matter (GM)  

and white matter (WM) in NMOSD patients, comparing its clinical presentations,  

AQP4ab serostatus and length of disease duration to controls. 

NMOSD           

Cluster 
Cluster 

size 
(voxels) 

p value T 
Peak MNI 

coordinates: x, y, 
z {mm} 

Anatomic location 

GM           

1 53 p<0.001 3.61 45, 19.5, 24 R. frontal lobe, middle frontal gyrus 

2 80 p<0.001 3.93 42, 3, 49.5 R. frontal lobe, middle frontal gyrus  

3 236 p<0.001 3.84 48, -13.5, 46.5 R. frontal lobe, precentral gyrus 

4 24 p<0.001 3.4  -21, 18, 48 L. frontal lobe, middle frontal gyrus 

5 33741 p<0.001 5.65  -34.5, 22.5, 1.5 L. frontal lobe,  medial frontal gyrus, limbic 
lobe,  cingulate gyrus and insula 

6 14 p<0.001 3.24  -45, -19.5, 27 L. parietal lobe, postcentral gyrus 

7 10 p<0.001 3.45  -37.5, -36,  45 L. parietal lobe, inferior parietal lobule  

8 84 p<0.001 3.95  -39, -61.5, 33 L. parietal lobe, angular gyrus  

9 245 p<0.001 4.5  -34.5, -58.5, 61.5 L. parietal lobe, superior parietal lobule 

10 6466 p<0.001 5.78 42, 1.5, -12 R. temporal lobe,  superior temporal gyrus 

11 234 p<0.001 4.36 54, -57, -7.5 R. temporal lobe, inferior temporal gyrus 

12 352 p<0.001 5 34.5, -82.5, 13.5 R. occipital lobe,middle occipital gyrus 

13 25 p<0.001 3.24 25.5, -91.5, 27 R. occipital lobe, cuneus 

14 6 p<0.001 3.24 25.5, -81, 27 R. occipital lobe, precuneus 

15 373 p<0.001 4.15 12, -100.5, 13.5 R. occipital lobe, cuneus 

16 54 0.001 3.67  -39, -88.5, 7.5 L. occipital lobe, middle occipital gyrus  

17 28 p<0.001 3.3  -6, -84, 30 L. occipital lobe, cuneus  

18 9 p<0.001 3.64  -13.5, -69, -6 L. occipital lobe, lingual gyrus 

19 15 p<0.001 3.61  30, -9, -6 R. Lentiform Nucleus 

20 708 p<0.001 4.12 7.5, -64.5, 12 R. limbic lobe, posterior cingulate 

21 1307 p<0.001 5.96 15, -49.5, -61.5 R. cerebellum posterior lobe 

22 189 p<0.001 4.04 33, -57, -40.5 R. cerebellum posterior lobe and cerebellar 
Tonsil 

23 193 p<0.001 3.64  -12, -94.5, -34.5 L. cerebellum posterior lobe and uvula 

24 480 p<0.001 3.85  -27,  -48, -21 L. cerebellum anterior lobe and Culmen 

WM           

1 358 P<0.001 3.83  18,  40.5, 19.5 R. frontal lobe, medial frontal gyrus and 
limbic lobe, anterior cingulate 

2 37 P<0.001 3.86  24, -61.5, 61.5 R. parietal lobe, superior parietal lobule  

3 344 P<0.001 3.86  -30, -55.5, 54 L. parietal lobe, superior parietal lobule  

4 32 P<0.001 3.87  58.5, -52.5, -4.5 R. temporal lobe, middle temporal gyrus 
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5 668 P<0.001 4.37  39, -61.5, 27 R. temporal lobe, middle temporal gyrus 

6 64 P<0.001 3.64  -31.5, -39, -21 L. temporal lobe, fusiform gyrus  

7 292 P<0.001 3.94  39, -70.5, -1.5 R. occipital lobe, sub-gyral, middle occipital 
gyrus 

8 237 P<0.001 4.79  36, -90, 1.5 R. occipital lobe, middle occipital gyrus 

9 822 P<0.001 4.93  -43.5, -73.5, -10.5 L. occipital lobe, middle occipital gyrus and 
lingual gyrus 

10 31 P<0.001 3.39  -16.5, -24, 36 L. limbic lobe, cingulate gyrus 

11 30 P<0.001 3.38  -15, 4.5, 48 L. limbic lobe, cingulate gyrus 

12 1649 P<0.001 6.32  -10.5, -1.5, -19.5 L. limbic lobe, parahippocampal gyrus and 
uncus 

13 2386 P<0.001 4.72  -9, -30, 13.5 L. sub-lobar, extra-nuclear, corpus callosum 

14 367 P<0.001 3.93  43.5, -60, -37.5 R. cerebellum posterior lobe, tuber and 
cerebellar tonsil 

15 60 P<0.001 3.54  -46.5, -69, -39 L. cerebellum posterior lobe, tuber 

Abbreviations: NMOSD= neuromyelitis optica spectrum disorders; WM= white matter; GM=gray matter  

Results reported on height threshold: T = > 3.0 

 
    

NMO           

Cluster 
Cluster 

size 
(voxels) 

p value T 
Peak MNI 

coordinates: x, y, 
z {mm} 

Anatomic location 

GM           

1 3563 p<0.001 4.51 51, -10.5, 7.5 R. frontal lobe, precentral gyrus 

2 523 p<0.001 4.14 33, 46.5, 16.5 R. frontal lobe, middle frontal gyrus 

3 68 p<0.001 3.75  46.5, -15, 48 R. frontal lobe, precentral gyrus 

4 89 p<0.001 3.7  -22.5, 55.5, 3 L. frontal lobe, superior frontal gyrus 

5 275 p<0.001 4.05  -36, 42, 13.5 L. frontal lobe, middle frontal gyrus  

6 59 p<0.001 3.69  -46.5, 9, 27 L. frontal lobe, inferior frontal gyrus 

7 32 p<0.001 3.6  -52.5, -13.5, 40.5 L. frontal lobe, precentral gyrus 

8 107 p<0.001 3.68  -21, 61.5, -9 L. frontal lobe, superior frontal gyrus 

9 300 p<0.001 4.01 51, -12, -16.5 R. temporal lobe, middle temporal gyrus 

10 522 p<0.001 3.92 52.5, -54, -9 R. temporal lobe, inferior temporal gyrus 

11 7167 p<0.001 5.24  -34.5, 24, 1.5 L. insula, inferior frontal gyrus, superior 
temporal gyrus 

12 102 p<0.001 3.7  -43.5, -10.5, 6 L. insula and precentral gyrus 

13 56 p<0.001 3.5 4.5, -70.5,  -1 R. occipital lobe, lingual gyrus 

14 330 p<0.001 4.15 1.5, -69, 18 R. occipital lobe, precuneus 

15 105 p<0.001 4.4 33, -82.5, 13.5 R. occipital lobe, middle occipital gyrus  

16 628 p<0.001 5.07  9, -37.5, 42 R. limbic lobe, cingulate gyrus  

17 213 p<0.001 3.87  -7.5, -33, 43.5 L. limbic lobe, cingulate gyrus 

18 5422 p<0.001 4.81  -1.5, 31.5, 25.5 L. limbic lobe, anterior cingulate and medial 
frontal gyrus 

19 32 0.001 3.41  -10.5, -60, 4.5 L. limbic lobe, posterior cingulate 

20 178 p<0.001 3.7 34.5, -60, -43.5 R. cerebellum posterior lobe, cerebellar tonsil 

21 565 p<0.001 4.39 13.5, -48, -60 R. cerebellum posterior lobe 



95 
 

22 292 p<0.001 3.58  -24, -52.5, -18 L. cerebellum anterior lobe, culmen 

23 275 p<0.001 3.72  -12, -94.5, -34.5 L. cerebellum posterior lobe 

WM           

1 2120 P<0.001 4.21  -19.5, -45, 33 L. parietal lobe, sub-gyral and cingulate 
gyrus 

2 68 P<0.001 4.18  58.5, -52.5, -4.5 R. temporal lobe, middle temporal gyrus 

3 3759 P<0.001 4.35  -7.5, -30, 13.5 L. sub-lobar, extra-nuclear and corpus 
callosum 

4 1193 P<0.001 7.09  -9, -1.5, -18 L. limbic lobe, parahippocampal gyrus 

5 76 P<0.001 4  34.5, -88.5, 1.5 R. occipital lobe, middle occipital gyrus  

6 109 P<0.001 3.86  -28.5, -64.5, -4.5 L. occipital lobe, lingual gyrus 

7 1692 P<0.001 5.23  6, -39, -63 Medulla 

Abbreviations: NMO= neuromyelitis optica; WM= white matter; GM=gray matter 

Results reported on height threshold: T = > 3.0 

 
   

LETM           

Cluster 
Cluster 

size 
(voxels) 

p value T 
Peak MNI 

coordinates: x, y, 
z {mm} 

Anatomic location 

GM           

1 94 p<0.001 3.67 43.5, 55.5, -15 R. frontal lobe, middle frontal gyrus 

2 181 p<0.001 3.77 27, 58.5, -4.5 R. frontal lobe, superior frontal gyrus  

3 723 p<0.001 4.19 48, -7.5, 45 R. frontal lobe, precentral gyrus 

4 454 p<0.001 4.27  -19.5, 21, 48 L. frontal lobe, superior frontal gyrus 

5 101 p<0.001 3.56  -39, 40.5, 12 L. frontal lobe, inferior frontal gyrus  

6 192 p<0.001 3.67  -42, 9, 24 L. frontal lobe, inferior frontal gyrus 

7 53 0.001 3.4  -12, 51, 25.5 L. frontal lobe, superior frontal gyrus 

8 118 p<0.001 3.46 31.5, -73.5, 36 R. parietal lobe, precuneus 

9 136 p<0.001 3.76  -36, -27, 37.5 L. parietal lobe, inferior parietal lobule 

10 936 p<0.001 4.71  -64.5, -18, 33 L. parietal lobe, postcentral gyrus 

11 1292 p<0.001 4.75 42, 1.5, -12 R. temporal lobe, superior temporal gyrus 

12 146 p<0.001 3.84  43.5, -73.5, 18 R. temporal lobe, middle temporal gyrus  

13 173 p<0.001 3.8  -51, 1.5, -27 L. temporal lobe, middle temporal gyrus  

14 4309 p<0.001 4.52  -58.5, -18, -6 L. temporal lobe, middle temporal gyrus and 
superior temporal gyrus 

15 287 p<0.001 3.95  40.5, -6, 9 R. insula 

16 815 p<0.001 4.04 9, -4.5, 40.5 R. limbic lobe, cingulate gyrus 

17 10034 p<0.001 5.6  -1.5,  40.5, 7.5 L. limbic lobe, anterior cingulate 

18 136 p<0.001 3.75 10.5, -103.5, 15 R. occipital lobe, cuneus 

WM           

1 45 P<0.001 3.65  27, 42, 18 R. frontal lobe, superior and middle frontal 
gyrus  

2 50 P<0.001 3.53  -15, 10.5, 52.5 L. frontal lobe, medial frontal gyrus 

3 773 P<0.001 4.79  33, -78, 22.5 R. temporal lobe, sub-gyral, midle temporal 
gyrus, parietal lobe and angular gyrus 

4 33 P<0.001 3.5  -33, -42, -21 L. temporal lobe, fusiform gyrus, 
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5 52 0.001 3.45  -10.5, -30, 13.5 L. sub-lobar, extra-nuclear 

6 141 P<0.001 3.75  0, -15,  13.5 Inter-hemispheric, corpus callosum  

7 105 0.001 3.83  39, -87, 1.5 R. occipital lobe, middle occipital gyrus 

8 44 P<0.001 3.6  39, -70.5, -1.5 R. occipital lobe, sub-gyral 

9 331 P<0.001 4.23  -46.5, -73.5, -12 L. occipital lobe, middle occipital gyrus 

Abbreviations: LETM= longitudinal extensive transverse myelitis; WM= white matter; GM=gray matter 

Results reported on height threshold: T = > 3.0 

 

ON           

Cluster 
Cluster 

size 
(voxels) 

p value T 
Peak MNI 

coordinates: x, y, 
z {mm} 

Anatomic location 

GM           

1 69 p<0.001 3.58 43.5, 19.5, 21 R. frontal lobe,  middle frontal gyrus 

2 56 p<0.001 3.6  -30, -15, -34.5 L. limbic lobe, uncus 

3 4010 p<0.001 6.1 13.5, -87, -1 R. occipital lobe, lingual gyrus and cuneus 

WM           

1 228 P<0.001 5.35 7.5, 0, -16.5 R. frontal lobe, subcallosal gyrus  

2 285 P<0.001 6.16  -9, -1.5, -18 L. limbic lobe, parahippocampal gyrus 

3 32 P<0.001 3.74 37.5, -84, 1.5 R. occipital lobe, middle occipital gyrus 

4 229 P<0.001 4.36  -9, -97.5, -1.5 L. occipital lobe, cuneus and lingual gyrus 

Abbreviations: ON= optic neuritis; WM= white matter; GM=gray matter 

Results reported on height threshold: T = > 3.0 

 

AQP4ab positive         

Cluster 
Cluster 

size 
(voxels) 

p value T 
Peak MNI 

coordinates: x, y, 
z {mm} 

Peak MNI coordinate region 

GM           

1 47 p<0.001 4.52 40.5, 3, 51 R. frontal lobe, middle frontal gyrus  

2 31 0.001 3.43 45, 55.5, 1.5 R. frontal lobe, middle frontal gyrus 

3 753 p<0.001 4.29 33, 46.5, 15 R. frontal lobe, middle frontal gyrus 

4 8419 p<0.001 5.36  -34.5, 24, 1.5 L. frontal lobe ( inferior frontal gyrus) and 
temporal lobe ( superior temporal gyrus) 

5 235 p<0.001 3.66  -18, 55.5, -15 L. frontal lobe, superior frontal gyrus 

6 68 p<0.001 3.66  -34.5, -58.5, 60 L. parietal Lobe,  superior parietal lobule 

7 257 p<0.001 3.6  -60, -28.5, 34.5 L. parietal lobe,  inferior parietal lobule 

8 41 0.001 3.41 51, -12, -16.5 R. temporal lobe, middle temporal gyrus 

9 277 p<0.001 3.96 49.5, -58.5, 1.5 R. temporal lobe, middle temporal gyrus 

10 125 p<0.001 3.57  -63, -7.5, -2.8 L. temporal lobe, superior temporal gyrus 

11 107 p<0.001 3.66  -58.5, -25.5, 13.5 L. temporal lobe, superior temporal gyrus 

12 2778 p<0.001 4.54 31.5, 18, -15 R.insula, frontal lobe, inferior frontal gyrus 

13 774 p<0.001 4.06  6, -64.5, 12 R. limbic lobe, posterior cingulate 

14 200 p<0.001 4.48 13.5, -40.5, 40.5 R. limbic lobe, cingulate gyrus 

15 104 p<0.001 3.6  -10.5, -30, 43.5 L. limbic lobe, cingulate gyrus  
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16 4208 p<0.001 4.52  -9, 45, 1.5  L. limbic lobe, anterior cingulate 

17 88 p<0.001 3.7 13.5, -87, -1 R. occipital lobe, lingual gyrus  

18 78 p<0.001 3.75  -12, -70.5, -6 L. occipital lobe, lingual gyrus 

19 75 p<0.001 3.66 12, -96, 12 R. occipital lobe, middle occipital gyrus 

20 149 p<0.001 4.11 33, -84, 13.5 R. occipital lobe, middle occipital gyrus 

21 584 p<0.001 4.45 13.5, -48, -60 R. cerebellum posterior lobe 

22 273 p<0.001 4.07 33, -58.5, -42 R. cerebellar tonsil 

23 387 p<0.001 4.07  -12, -94.5, -34.5 L. cerebellum posterior lobe 

WM           

1 73 p<0.001 3.63  18, 46.5, 24 R. frontal lobe, superior frontal gyrus  

2 46 p<0.001 3.6  -51, 21, 3 L. frontal lobe, inferior frontal gyrus 

3 99 p<0.001 3.88  -34.5, 31.5, 10.5 L. frontal lobe, sub-gyral and inferior frontal 
gyrus 

4 773 p<0.001 3.63  -31.5, -40.5, 34.5 L. parietal lobe,  sub-gyral,  inferior parietal 
lobule 

5 36 p<0.001 3.48  30, -25.5, -9 R. temporal lobe, sub-gyral, hippocampus  

6 104 p<0.001 4.36  57, -52.5, -4.5 R. temporal lobe, middle temporal gyrus 

7 445 p<0.001 4.22  46.5, -63, 27 R. temporal lobe, superior temporal gyrus 
and middle temporal gyrus 

8 75 p<0.001 3.59  9, -28.5, 15 R. sub-lobar, extra-nuclear 

9 147 p<0.001 3.68  -31.5, -40.5, -3 L. sub-lobar, temporal lobe  

10 445 p<0.001 3.86  -9, -30, 13.5 L. sub-lobar, extra-nuclear and corpus 
callosum 

11 109 p<0.001 3.6  -16.5, -25.5, 36 L. limbic lobe, cingulate gyrus 

12 1690 p<0.001 6.55  -10.5, -1.5, -19.5 L. limbic lobe,  parahippocampal gyrus and 
sub-lobar, extra-nuclear 

13 180 p<0.001 3.85  39, -72, -1.5 R. occipital lobe,  middle occipital gyrus and 
inferior temporal gyrus  

14 135 p<0.001 3.96  34.5, -88.5, 1.5 R. occipital lobe, middle occipital gyrus 

15 338 p<0.001 4.39  -28.5, -64.5, -1.5 L. occipital lobe, lingual gyrus and  middle 
occipital gyrus 

16 506 p<0.001 4.2  42, -60, -37.5 R. cerebellum posterior lobe, tuber and 
cerebellar tonsil 

17 74 p<0.001 3.5  -45, -69, -37.5 L. cerebellum posterior lobe, tuber 

18 1535 p<0.001 5.53  7.5, -39, -64.5 Medulla 

Abbreviations: AQP4ab+= seropositivity for anti-AQP4 antibody; WM= white matter; GM=gray matter. 

Results reported on height threshold: T = > 3.0 

 
    

AQP4ab negative         

Cluster 
Cluster 

size 
(voxels) 

p value T 
Peak MNI 

coordinates: x, y, 
z {mm} 

Peak MNI coordinate region 

GM           

1 130 p<0.001 3.88  31.5, 52.5, -7.5 R. frontal lobe, middle frontal gyrus 

2 72 p<0.001 3.62 45, 19.5, 24 R. frontal lobe, middle frontal gyrus 

3 110 p<0.001 3.64 28.5, 40.5, 28.5 R. frontal lobe, superior frontal gyrus  

4 55 p<0.001 3.46 43.5, -15, 40.5 R. frontal lobe, precentral gyrus  
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5 118 p<0.001 4.06  -42,  6, 25.5 L. frontal lobe,  inferior frontal gyrus 

6 70 p<0.001 3.66 12, -73.5, 36 R. parietal lobe, precuneus 

7 53 p<0.001 3.69 39, -48, 42 R. parietal lobe,inferior parietal lobule  

8 33 p<0.001 3.57  -51, -16.5, 40.5 L. parietal lobe, postcentral gyrus  

9 125 p<0.001 4.15 42, 3, -12 R. temporal lobe, superior temporal gyrus 

10 77 0.001 3.43  -31.5, 7.5, -18  L. temporal lobe, superior temporal gyrus 

11 127 p<0.001 3.8  -55.5, -28.5, -3 L. temporal lobe, middle temporal gyrus  

12 289 p<0.001 3.67 10.5, 18, 33 R. limbic lobe, cingulate gyrus 

13 354 p<0.001 4.08 6, -6, 42 R. limbic lobe, cingulate gyrus 

14 1000 p<0.001 4.08  -7.5,  42, 6 L. limbic lobe,anterior cingulate 

15 67 p<0.001 3.67  -3, -6, 13.5 L. sub-lobar, thalamus 

16 112 p<0.001 3.59 0, 13.5, 31.5 
Inter-Hemispheric, limbic lobe, cingulate 
gyrus 

17 1415 p<0.001 4.06  3, -87, 7.5 R. occipital lobe,cuneus 

WM           

1 122 p<0.001 4.13  6, 4.5, -16.5 R. frontal lobe, subcallosal gyrus 

2 169 p<0.001 4.34  -10.5, 2, -18 L. limbic lobe, parahippocampal gyrus 

3 39 p<0.001 3.71  40.5, -72, -12 R. occipital lobe, middle occipital gyrus 

4 56 p<0.001 4.05  37.5, -87, 1.5 R. occipital lobe, middle occipital gyrus 

5 151 p<0.001 4.27  -6, -96, -3 L. occipital lobe, lingual gyrus and cuneus 

Abbreviations: AQP4ab-= seronegativity for anti-AQP4 antibody; WM= white matter; GM=gray matter. 

Results reported on height threshold: T = > 3.0 

 
    

Longer Disease Duration       

Cluster 
Cluster 

size 
(voxels) 

p value T 
Peak MNI 

coordinates: x, y, 
z {mm} 

Peak MNI coordinate region 

GM           

1 493 p<0.001 4.2 25.5, 52.5, 12 R. frontal lobe,middle frontal gyrus  

2 103 p<0.001 3.75 46.5, 28.5, 10.5 R. frontal lobe, inferior frontal gyrus 

3 4969 p<0.001 4.35  -36, 25.5, -1.5 L. frontal lobe, inferior frontal gyrus 

4 173 p<0.001 3.88  -31.5, 46.5, 10.5 L. frontal lobe, middle frontal gyrus  

5 151 p<0.001 3.76  -9, -54, 37.5 L. parietal lobe, precuneus 

6 3810 p<0.001 5.06 54, -13.5,  9 R. temporal lobe, superior temporal gyrus 

7 85 p<0.001 3.5 54, -7.5, -18 R. temporal lobe, middle temporal gyrus 

8 317 p<0.001 4.49  51, -54, -9 R. temporal lobe, inferior temporal gyrus 

9 100 p<0.001 3.7  -58.5, -28.5, -1.5 L. temporal lobe, superior temporal gyrus 

10 107 p<0.001 3.54  -64.5, -9, -1.5 L. temporal lobe, superior temporal gyrus  

11 36 p<0.001 3.49  -42, -63, 1.5 L. temporal lobe, middle temporal gyrus 

12 4960 p<0.001 5.6 0,  -67.5, 15 Inter-hemispheric, limbic lobe, posterior 
cingulate 

13 627 p<0.001 5.06 15, -42, 42 R. limbic lobe, cingulate gyrus 

14 40 p<0.001 3.56 10.5, 1.5, 39 R. limbic lobe, cingulate gyrus 

15 4518 p<0.001 5.02  -1.5, 31.5, 25.5 L. limbic lobe, anterior cingulate 

16 299 p<0.001 3.9 1.5, -4.5, 4.5 R. Sub-lobar, thalamus 
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17 197 p<0.001 4.01 21, -70.5, -7.5 R. occipital lobe, lingual gyrus  

18 51 p<0.001 4.84 34.5, -78, -7.5 R. occipital lobe, inferior occipital gyrus  

19 239 p<0.001 3.82 15, -93, 13.5 R. occipital lobe, middle occipital gyrus 

20 139 p<0.001 4.84 34.5, -81, 13.5 R. occipital lobe, middle occipital gyrus 

21 32 p<0.001 3.46  -21, -94.5, 21 L. occipital lobe, cuneus 

22 102 p<0.001 3.92  -13.5, -85.5, -12 L. occipital lobe, lingual gyrus 

23 1111 p<0.001 4.71 13.5, -52.5, -61.5 R. cerebellum posterior lobe 

WM           

1 11 p<0.001 3.38  21, -81, 37.5 R. parietal lobe, precuneus 

2 5 p<0.001 3.42  60, -54, -4.5 R. temporal lobe, middle temporal gyrus  

3 36 0.001 3.41  0, -48, -60 Inter-hemispheric, limbic lobe 

4 5 p<0.001 3.3  28.5, -24, -9 R. limbic lobe, parahippocampal gyrus 

5 1255 p<0.001 8.36  -9, -1.5, -18 L. limbic lobe, parahippocampa gyrus and  
subcallosal gyrus 

6 5 p<0.001 3.38  36, -88.5, 1.5 R. occipital lobe, middle occipital gyrus  

7 50 0.001 3.41  6, -36, -61.5 Medulla 

Abbreviations: WM=white matter, GM=gray matter 

Results reported on height threshold: T = > 3.0 

 
    

Shorter Disease Duration       

Cluster 
Cluster 

size 
(voxels) 

p value T 
Peak MNI 

coordinates: x, y, 
z {mm} 

Peak MNI coordinate region 

GM           

1 42 p<0.001 3.47 24, 57, -6 R. frontal lobe, superior frontal gyrus 

2 96 p<0.001 3.87 45, 19.5, 24 R. frontal lobe, middle frontal gyrus 

3 213 p<0.001 3.94 25.5, 42, 27 R. frontal lobe, superior frontal gyrus 

4 53 p<0.001 3.69 1.5, 58.5, -15 R. frontal lobe, medial frontal gyrus 

5 142 p<0.001 3.83 33, 46.5, 15 R. frontal lobe, middle frontal gyrus 

6 159 p<0.001 4.27 40.5, 3, 49.5 R. frontal lobe, middle frontal gyrus 

7 49 p<0.001 3.6  -25.5, 57, 15 L. frontal lobe, middle frontal gyrus 

8 827 p<0.001 4.03  -51, 18,  9 L. frontal lobe, precentral gyrus 

9 52 p<0.001 3.69  -51, -15, 40.5 L. frontal lobe, precentral gyrus 

10 65 p<0.001 3.58  -24, 55.5, 1.5 L. frontal lobe, superior frontal gyrus  

11 143 p<0.001 4.25 42, 3, -12 R. temporal lobe, superior temporal gyrus 

12 666 p<0.001 3.95  -51, 4.5, -22.5 L. temporal lobe, middle temporal gyrus 

13 319 p<0.001 3.84  -31.5, 9,  -24 L. temporal lobe, superior temporal gyrus 

14 71 p<0.001 3.63  -57, -28.5, -1.5 L. temporal lobe, superior temporal gyrus  

15 629 p<0.001 4.31 7.5, -6, 40.5 R. limbic lobe, cingulate gyrus 

16 1275 p<0.001 4.15  -7.5, 42, 6 L. limbic lobe, anterior cingulate  

17 64 0.001 3.44  -1.5, 13.5, 33 L. limbic lobe, cingulate gyrus 

18 71 p<0.001 3.49 4.5, -85.5, 18 R. occipital lobe, cuneus 

WM           

1 35 p<0.001 3.64  27, 40.5, 18 R. frontal lobe, sub-gyral 



100 
 

2 134 p<0.001 3.74  21, 37.5, 34.5 R. frontal lobe, medial frontal gyrus and 
anterior cingulate 

3 48 p<0.001 3.51  21, 58.5, -18 R. frontal lobe, superior frontal gyrus 

4 351 p<0.001 4.31  39, -60, 25.5 R. temporal lobe, superior temporal gyrus 
and middle temporal gyrus 

5 32 p<0.001 3.51  -33, -40.5, -16.5 L. temporal lobe, fusiform gyrus 

6 361 p<0.001 4.17  10.5, 1.5, -18 R. limbic lobe,  parahippocampal gyrus and 
uncus 

7 321 p<0.001 4.75  -10.5, -1.5, -19.5 L. limbc lobe, parahippocampal gyrus 

8 576 p<0.001 3.89  -7.5, -30, 12 L. sub-lobar, extra-nuclear,  corpus callosum 

9 418 p<0.001 4.17  36, -87, 1.5 R. occipital lobe, middle occipital gyrus and  
inferior occipital gyrus 

10 675 p<0.001 4.41  -46.5, -75, -12 L. occipital lobe, middle occipital gyrus and 
lingual gyrus 

11 445 p<0.001 3.85  30, -69, -52.5 R. cerebellum posterior lobe, inferior semi-
lunar lobule  

12 572 p<0.001 4.05  43.5, -61.5, -37.5 R. cerebellum posterior lobe,tuber 

13 49 p<0.001 3.46  -45, -69, -39 L. cerebellum posterior lobe, tuber  

Abbreviations: WM=white matter, GM=gray matter 

Results reported on height threshold: T = > 3.0 
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Supplementary Table 2. Results of tract-based spatial statistics voxelwise analysis of 
FA in NMOSD patients, comparing its clinical presentations, AQP4ab serostatus and 
length of disease duration to controls. 

Supplementary Table 2. Results of tract-based spatial statistics voxelwise analysis of FA in NMOSD patients,  

comparing its clinical presentations, AQP4ab serostatus and length of disease duration to controls. 
NMOSD          

Cluster Cluster size (voxels) 
p 

value* 

Peak MNI 

coordinates: 

x, y, z {mm} 

Anatomic location 

WM 
      

 L. and R. Sagittal stratum (include inferior longitudinal 

fasciculus and inferior fronto-occipital fasciculus);  

Middle cerebellar peduncle; 

Genu, body and splenium of corpus callosum; 

R. and L. Anterior, superior and posterior corona radiata; 

L. and R. Posterior thalamic radiation (include optic radiation); 

1 65330 P<0.001  -38, -49, -6 R. and L. external capsule;  

R. and L. Superior longitudinal fasciculus;  

R. and L. Medial lemniscus;  

R. and L. Inferior and superior cerebellar peduncle;  

R. and L. Cerebral peduncle;  

 

R. and L. Anterior, posterior limb and retrolenticular part of 

internal capsule;  

R. and L. Cingulum (cingulate gyrus and hippocampus);  

        R. and L. Fornix / Stria terminalis. 

Abbreviations: NMOSD= neuromyelitis optica spectrum disorders; WM= white matter  

* two sample t test with family wise error correction 

NMO         

Cluster Cluster size (voxels) 
p 

value* 

Peak MNI 

coordinates: 

x, y, z {mm} 

Anatomic location 

WM       L. and R. Posterior thalamic radiation (include optic radiation); 

Genu, body and splenium of corpus callosum;  

Middle cerebellar peduncle; 

R. and L. Inferior and superior cerebellar peduncle; 

R. and L. Anterior, superior and posterior corona radiata; 

1 51444 0.002  -34, -60, -3 R. and L. External capsule; 

 

R. and L. Anterior, posterior limb and retrolenticular part of 

internal capsule; 

R. and L. Cerebral peduncle;  

 

R. and L. Sagittal stratum (include inferior longitudinal 

fasciculus and inferior fronto-occipital fasciculus); 

R. and L. Superior longitudinal fasciculus; 

R. and L. Fornix / Stria terminalis; 

        R. and L. Cingulum (cingulate gyrus and hippocampus). 

Abbreviations: NMO= neuromyelitis optica; WM= white matter  

* two sample t test with family wise error correction   

LETM         

Cluster Cluster size (voxels) 
p 

value* 

Peak MNI 

coordinates: 

x, y, z {mm} 

Anatomic location 

WM         

1 77 0.047  31, -24, -7 R. Fornix / Stria terminalis; 

R. Retrolenticular part of internal capsule. 

2 34697 0.001  -30, -22, 33 Genu, body and splenium of corpus callosum;  

R. and L. Posterior thalamic radiation (include optic radiation);   

R. and L. Superior longitudinal fasciculus; 

L. Retrolenticular part of internal capsule;  

        R. and L. Anterior, superior and posterior corona radiata. 

Abbreviations: LETM= longitudinal extensive transverse myelitis; WM= white matter;  
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* two sample t test with family wise error correction 

ON         

Cluster Cluster size (voxels) 
p 

value* 

Peak MNI 

coordinates: 

x, y, z {mm} 

Anatomic location 

WM         

1 660 0.04  -32, -60, 22 L. Posterior corona radiata;  

L. Superior longitudinal fasciculus. 

2 877 0.036  -42, -17, 28 L. Superior longitudinal fasciculus;  

L. Superior corona radiata. 

3 2901 0.015  -41, -30, -15 L. Posterior thalamic radiation (include optic radiation); 

L. Retrolenticular part of internal capsule; 

 

L. Sagittal stratum (include inferior longitudinal fasciculus and 

inferior fronto-occipital fasciculus); 

L. Superior longitudinal  fasciculus; 

L. External capsule;  

        L. Posterior limb of internal capsule. 

Abbreviations: ON= optic neuritis; WM= white matter;  

* two sample t test with family wise error correction 

AQP4ab positive       

Cluster Cluster size (voxels) 
p 

value* 

Peak MNI 

coordinates: 

x, y, z {mm} 

Peak MNI coordinate region 

WM Middle cerebellar peduncle; 

Genu, body and splenium of corpus callosum; 

R. and L. Fornix / Stria terminalis, 

L. and R. Corticospinal tract; 

R. and L. Medial lemniscus; 

R. and L. Inferior and superior cerebellar peduncle;  

1 57397 0.001  -40, -31, -16 R. and L. Cerebral peduncle; 

 

R. and L. Anterior, posterior limb and retrolenticular part of 

internal capsule; 

R. and L. Anterior, superior and posterior corona radiata; 

L. and R. Posterior thalamic radiation (include optic radiation); 

R. and L. External capsule; 

R. and L. Superior longitudinal fasciculus; 

L. and R. Sagittal stratum (include inferior longitudinal 

fasciculus and inferior fronto-occipital fasciculus); 

R. and L. Cingulum (hippocampus); 

        L. Cingulum (cingulate gyrus). 

Abbreviations: AQP4ab+= seropositivity for anti-AQP4 antibody; WM= white matter. 

* two sample t test with family wise error correction 

AQP4ab negative       

Cluster Cluster size (voxels) 
p 

value* 

Peak MNI 

coordinates: 

x, y, z {mm} 

Peak MNI coordinate region 

WM Genu, body and splenium of corpus callosum; 

R. and L. anterior, superior and posterior corona radiata; 

L. and R. Posterior thalamic radiation (include optic radiation); 

 

L. and R. Sagittal stratum (include inferior longitudinal 

fasciculus and inferior fronto-occipital fasciculus); 

1 35112 0.002  -40, -33, 0 R. and L. external capsule; 

L. and R. Superior longitudinal fasciculus; 

L. and R. Fornix / Stria terminalis; 

L. and R. Cingulum (cingulate gyrus);  

L.  Cingulum (hippocampus); 

R. anterior limb of internal capsule; 

  
      

R. and L. posterior limb and retrolenticular part of internal 

capsule; 

Abbreviations: AQP4ab-= seronegativity for anti-AQP4 antibody; WM= white matter  

* two sample t test with family wise error correction 

Shorter Disease Duration       
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Cluster Cluster size (voxels) 
p 

value* 

Peak MNI 

coordinates: 

x, y, z {mm} 

Peak MNI coordinate region 

WM Genu, body and splenium of corpus callosum;  

Middle cerebellar peduncle; 

R. and L. Inferior and superior cerebellar peduncle; 

R. and L. Cerebral peduncle; 

L. and R. Posterior thalamic radiation (include optic radiation);  

L. and R. Sagittal stratum (include inferior longitudinal 

fasciculus and inferior fronto-occipital fasciculus);  

1 50143 0.001  -37, -34, -18 R. and L. external capsule; 

R. and L. Superior longitudinal fasciculus; 

R. and L. Fornix / Stria terminalis;     

R. and L. Cingulum (cingulate gyrus and hippocampus);  

R. and L. anterior, superior and posterior corona radiata; 

 

R. and L. anterior, posterior limb and retrolenticular part of 

internal capsule; 

R. and L. Medial lemniscus; 

R. and L. corticospinal tract; 

        Pontine crossing tract (a part of MCP) 

Abbreviations: WM=white matter 

* two sample t test with family wise error correction 

Longer Disease Duration       

Cluster Cluster size (voxels) 
p 

value* 

Peak MNI 

coordinates: 

x, y, z {mm} 

Peak MNI coordinate region 

WM         

1 182 0.048  35, -48, 31 R. Superior longitudinal fasciculus 

2 15106 0.002  -30, -66, 0 L. Posterior thalamic radiation (include optic radiation);  

L. Superior longitudinal fasciculus;  

L. Fornix / Stria terminalis;  

L. External capsule;  

 

L. Sagittal stratum (include inferior longitudinal fasciculus and 

inferior fronto-occipital fasciculus);  

L. Superior and posterior corona radiata;  

L. Posterior limb and retrolenticular part of internal capsule; 

Body and splenium of corpus callosum; 

L. Cingulum (hippocampus). 

3 19979 0.008  38, -50, -5 Genu, body and splenium of corpus callosum;   

R. anterior, posterior limb and retrolenticular part of internal 

capsule;  

R. and L. anterior and superior corona radiata;  

R. posterior corona radiata;  

R. Posterior thalamic radiation (include optic radiation);   

R. Sagittal stratum (include inferior longitudinal fasciculus and 

inferior fronto-occipital fasciculus);  

R. and L. External capsule;  

R. Superior longitudinal fasciculus;    

        R. Fornix / Stria terminalis;  

Abbreviations: WM=white matter 

* two sample t test with family wise error correction 
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 Supplemental Figure 1. Cortical thickness decreases in NMOSD patients. 
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Discussão Geral                          

 

Conforme descrito no capítulo 1, para verificar se o HTLV-1 poderia agir 

como desencadeador do DENMO, foi investigada a presença de anticorpos anti-

AQP4 em 22 indivíduos portadores assintomáticos de HTLV-1 e 26 com 

HAM/TSP, sendo que 3 deles eram co-infectados com HIV e/ou vírus da hepatite 

C. Um paciente apresentou HAM/TSP agudo, com história de NO de repetição e 

mielite transversa. Não foi detectado anti-AQP4 nos casos estudados. Foi feita 

também a pesquisa de anticorpo anti-HTLV-1 em um grupo de pacientes com 

diagnóstico de DENMO clínico e soropositivo para anti-AQP4 e nenhum destes 

pacientes apresentou anticorpo anti-HTLV-1 detectável.  Esses achados sugerem 

que o HTLV-1 não parece ser um agente viral comum desencadeador do DENMO; 

que anti-AQP4 não está comumente envolvido na fisiopatogenia da mielopatia 

associada ao HTLV-1; que em áreas com alta prevalência de infecção pelo HTLV-

1 e casos de DENMO, como o Brasil, pacientes com quadro clínico atípico de 

HAM/TSP deveriam ser investigados para presença do anticorpo anti-AQP4 para 

melhor definição diagnóstica e proposta terapêutica adequada. 

Os dados apresentados sugerem que o HTLV-1 não seja um 

desencadeador do DENMO, uma doença autoimune, porém a coexistência das 

duas doenças poderia alterar a evolução natural delas, piorando a sua 

apresentação clínica. Em dois únicos relatos de casos na literatura sobre 

HAM/TSP aguda, os quais apresentavam anti-AQP4 positivo, este anticorpo foi 

titulado em altos níveis, ultrapassando o limite máximo de titulação do método 

utilizado (38,51). Níveis elevados de anti-AQP4 estão associados a pior evolução 
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clínica e riscos de surtos de mielite e/ou NO (2,20). Além disso, estes dois 

pacientes apresentavam múltiplas lesões desmielinizantes na substância branca 

encefálica vista na RNM de crânio (38,51). Estes níveis elevados de anti-AQP4 

poderiam estar relacionados à estimulação de linfócitos B por células T infectadas 

pelo HTLV-1, o que levaria a maior produção de anticorpos derivados das células 

B estimuladas (52). Entretanto, mais estudos são necessários para definir se a 

infecção pelo HTLV-1 alteraria a evolução natural do DENMO, apresentando-se 

como um fator de pior prognóstico para os pacientes.  

No capítulo 2, para verificar se a apresentação da doença (NMO, MTLE, 

NO), tempo de doença (5 anos ou menos do primeiro surto ou mais de 5 anos de 

duração) e detecção sérica do anticorpo anti-AQP4 (seropositivo ou seronegativo) 

resultariam em alterações estruturais da substância cinzenta e substância branca 

encefálica, foram analisadas as imagens de RNM de alto campo (3T) de 34 

pacientes com DENMO e 34 controles sadios pareados por sexo e idade, bem 

como empregados métodos automatizados e sofisticados de computação (VBM, 

Freesurfer, TBSS) (31-33). Esta análise demonstrou que o DENMO está 

associado à atrofia de estruturas das substâncias cinzenta e branca cerebrais; que 

a atrofia não se limita apenas às áreas das vias sensorial, motora e visual, mas é 

mais difusa; e que quanto maior o tempo de doença e a presença do anticorpo 

anti-AQP4, maior é o grau de atrofia cortical.     

Além disso, a OCT com espectro de dominância mostrou a presença de 

atrofia na camada de fibras nervosas retinianas, a qual foi maior nos casos de NO 

recorrente, NMO e mais de 5 anos de doença. Não foram detectadas lesões 

subclínicas nos pacientes que só apresentavam a forma de MTLE na nossa 
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casuística. Para estudar o provável mecanismo de degeneração retrógrada e/ou 

anterógrada após lesões axonais nos nervos ópticos, bem como seu efeito na via 

visual, foi demonstrada pela primeira vez uma correlação positiva entre atrofia 

retiniana e atrofia do sulco pericalcarino, a qual foi maior nos casos de NO 

recorrente e NMO. Houve também uma correlação da atrofia retiniana com a 

escala de incapacidade funcional expandida (EDSS), corroborando com o achado 

de atrofia mais difusa das estruturas da substância cinzenta e branca.  

O número pequeno de pacientes avaliados (n=34) pode ser considerado um 

limitador ao estudo. Entretanto, a NMO é uma doença mais rara, principalmente 

quando se compara com a EMRR, e por isso, estudos envolvendo um único centro 

se tornam mais difícil de realizar. Por isso, para atenuar esta limitação, foram 

utilizadas neuroimagens adquiridas em RNM de alto campo (3T) e análises em 

três programas independentes, automatizados e validados na literatura, reduzindo 

as chances de vieses. 

Apesar da ampla expressão de AQP4 no córtex cerebral, não foram 

constatados infiltrados inflamatórios ou lesões desmielinizantes que costumam 

ocorrer na EMRR e determinam, nesta doença, pontos de atrofia cortical mais 

intensa do que a observada no DENMO (23,24). A causa da atrofia cortical na 

NMO ainda não está completamente elucidada, mas a degeneração retrograda 

neuronal após lesões axonais na medula, nervos ópticos e substância branca 

profunda parece exercerem um importante papel. Mais estudos são necessários 

para explicar a aparente proteção da AQP4 cortical contra a citotoxicidade 

mediada por anticorpos e inflamação resultante observada nos sítios lesionais 

típicos do DENMO.  
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Conclusão Geral                          

                             

Nossas observações permitem concluir que: 

1. A mielopatia associada à variante aguda da HAM/TSP e aquela associada 

ao anticorpo anti-AQP4 são entidades clínicas distintas, e provalvemente, 

não interrelaciodas de forma patogênica.  

2.  Os pacientes com DENMO não apresentaram níveis detectáveis de 

anticorpos contra o HTLV-1. 

3. A presença do anticorpo anti-AQP4 na NMO e NO, e mais de 5 anos de 

doença podem ser considerados fatores de pior prognóstico para atrofia da 

camada de fibras nervosas retinianas. 

4. A NMO com o anticorpo anti-AQP4 e mais de 5 anos de doença podem ser 

considerados fatores de alto risco para atrofia do córtex e substância 

branca cerebral.  

5. O padrão de atrofia do cortex cerebral encontrado, associado à correlação 

positiva entre atrofia da camada de fibras nervosas retinianas e atrofia 

pericalcarina, além da escala de incapacidade funcional expandida EDSS, 

sugere que a degeneração neuronal retrograda e/ou anterógrada do tipo 

Walleriana é um importante causador da atrofia cortical no DENMO. 
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Anexo 1: Parecer do Comitê de Ética em Pesquisa aprovando o trabalho. 
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Anexo 2- Termo de Consentimento Livre e Esclarecido (TCLE), conforme 

resolução 196/96. 

Projeto: Neuromielite Óptica x Mielopatia associada ao HTLV-I: caracterização do 
anticorpo anti-Aquaporina 4  na doença auto-imune e na infecção viral. 

 
Pesquisador Responsável: Felipe von Glehn                                        Data:________________ 
 
Justificativa e Objetivos: A Neuromielite Óptica (NMO) é uma doença inflamatória auto-imune, que acomete 

adultos jovens. A incidência de tal doença em nosso meio vem aumentando, causando preocupação nos 

especialistas. Acredita-se atualmente que as lesões causadas pela Neuromielite Óptica sejam resultadas de 

uma agressão de um anticorpo contra o próprio organismo, gerando os surtos e a piora da doença. Este 

processo de auto-agressão, por que ele ocorre e quais células de defesa estão alteradas, é pouco 

compreendido. Por esta razão, estamos realizando este trabalho de pesquisa, para estudar que células estão 

envolvidas e por quê este auto anticorpo se forma, estudando o processo inflamatório no líquor e sangue dos 

pacientes que aceitarem a participação. Os resultados podem ajudar na criação futura de novos métodos 

diagnósticos e tratamentos. 

Os pacientes serão estudados durante o acompanhamento normal que já realiza no ambulatório de EM. 

Procedimentos: O paciente durante procedimento diagnóstico no ambulatório de neurologia da UNICAMP / 
HC será perguntado da autorização para coleta de 10ml do líquor (obtida pela punção lombar) e 10ml do 
sangue para os estudos. Não é necessário estar em jejum e nem interromper medicações utilizadas. 

 
Risco e Desconforto: A coleta do líquor será realizada nas costas (região lombar). A dor que acompanha a 

punção lombar é semelhante aquela da coleta de sangue. O desconforto será mínimo, pois será realizada com 

anestesia local por profissional treinado e devidamente habilitado para a realização de punção lombar. Após 

submeter-se a punção lombar, o paciente deverá permanecer em repouso em casa, por 24 horas, e aumentar a 

ingestão de líquidos. Este repouso é importante para evitar dor de cabeça após a punção, impossibilitando a 

realização das atividades habituais. Se houver dor, mesmo com o repouso, o paciente deverá permanecer por 

mais alguns dias sem atividades e ingerir a medicação prescrita pelo seu médico. Este tipo de dor de cabeça 

não traz qualquer prejuízo ao paciente, mas necessita de repouso para desaparecer.  

A coleta do líquor por utilizar agulha apresenta os riscos inerentes ao procedimento. São descritas, raramente, 

intercorrências da punção, como dormências transitórias, dor local e infecção. Entretanto, a incidência destas 

complicações é baixa . O material é descartável e as agulhas atuais (modelo 22Gx 3.5 = 70x7) são mais finas 

e de excelente qualidade. Caso ocorra qualquer desconforto após o procedimento, o paciente deverá contatar a 

equipe de atendimento do HC - UNICAMP e a equipe de pesquisa, que orientarão as medidas a serem 

tomadas para aliviar os sintomas, sem nenhum custo. 

 
Benefícios: Melhor entendimento da Neuromielite Óptica para ajudar na criação futura de novos métodos 
diagnósticos e terapêuticos. Não existe benefício imediato para o paciente. 
 
Esclarecimento: Todas as dúvidas e perguntas do paciente quanto aos assuntos relacionados com a pesquisa e 
o tratamento serão esclarecidas pelos pesquisadores.  
 



130 
 

Recusa ou descontinuação da participação: Durante o decorrer do estudo informaremos ao paciente o 
andamento da pesquisa, podendo este deixar de participar da pesquisa a qualquer momento, sem prejuízo no 
atendimento que recebe pelo HC – UNICAMP, caso decida não colaborar com a equipe, pois a participação 
do paciente é voluntária. 
 
Sigilo: As informações recebidas durante e depois do estudo e a privacidade dos pacientes serão mantidas em 

sigilo. Os resultados serão sempre analisados em grupo, estatisticamente, não sendo possível identificar de 

forma individual qualquer paciente. Caso tenha alguma dúvida deverá procurar a Dr. Felipe von Glehn no 

telefone (19) 3521-6263, (19) 9769-0777 

 
Gastos adicionais: Se houverem gastos adicionais (seringas, agulhas descartáveis, material de curativo...) estes 
serão absorvidos pelo orçamento da pesquisa. 
 
Armazenamento de Material Biológico: Após o estudo realizado, geralmente sobra alguma quantidade de 

líquor e soro, que tem a capacidade de ser avaliada em novas pesquisas futuras, sem a necessidade de realizar 

procedimentos de punção, com todos os seus riscos e desconfortos. Eu □ autorizo □ não autorizo o 

estoque de meu material biológico para estudos futuros aprovados pelo Comitê de Ética da UNICAMP. 

 
Eu confirmo que Felipe von Glehn me explicou o objetivo do estudo, os procedimentos aos quais serei 
submetido e os riscos, desconforto e possíveis vantagens advindas desse projeto de pesquisa. Eu li, e/ou me 
foi explicado, assim como compreendi e recebi uma cópia deste formulário de consentimento e estou de pleno 
acordo em participar do estudo. 
 
 
Paciente ou Responsável:_________________________________________              Idade: 
RG: 
 
Endereço: 
 
Assinatura : ______________________________________ 
 
 
Responsabilidade do pesquisador. Eu expliquei a _________________________________ o objetivo do 
estudo, os procedimentos requeridos e os possíveis riscos e vantagens que poderão advir do estudo, usando o 
melhor do meu conhecimento. Eu me comprometo a fornecer uma cópia desse formulário de consentimento 
ao participante ou responsável. 
 
 
 

Felipe von Glehn   CRM-SP: 114233 
Email.: fglehn@terra.com.br  Tel.: (19) 9769-0777 / 3521-7754 
 
Outros Membros da Equipe: 
1) Carlos Otávio Brandão - Tel:(19) 3521-7754  2) Benito Damasceno - Tel:(19) 3521-7754  
3) Leonilda dos Santos - Tel:(19) 3521-6263  4) Augusto César Penalva de Oliveira 
5) Comitê de Ética em Pesquisa                   Tel:(19) 3521-8936 
 
Email.: cep@fcm.unicamp.br 
Rua Tessália Vieira de Camargo, 126 – Caixa Postal 6111 
13083-887 Campinas-SP 
 
Qualquer intercorrências médicas, ligar para qualquer um dos membros da equipe. 

mailto:fglehn@terra.com.br
mailto:cep@fcm.unicamp.br

