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RESUMO

A Fibromialgia (FM) é uma sindrome que se caracteriza por dor crénica difusa,
fadiga, transtornos do sono e alteragGes de humor. Embora sua fisiopatologia néo esteja
totalmente elucidada, o processo neurobioldgico parece envolver alteragfes do cortex
sensitivo e motor e de suas conexdes com estruturas subcorticais que constituem a
neuromatriz da dor, assim como alteracdes neuropaticas periféricas. Sabe-se que o
aumento do calcio intracelular acima de certo limiar, pode ser parte do processo
dependente de atividade que leva a sensibilizacdo central, por aumento do influxo de
calcio por meio de canais NMDA, AMPA, canais dependentes de voltagem, e por
liberacdo de reservas intracelular microssomais. A sensibilizagcdo central pode ser
também interpretada como um processo de plasticidade mal-adaptativa que sustenta
circuitos da dor e de seus correlatos. Por tanto, o cortex sensitivo e motor tem sido alvo

diagnostico e terapéutico para o estudo e tratamento da dor crénica.

Dentre as multiplas estratégias farmacoldgicas tem sido preconizado o uso da
pregabalina, aprovado pela Food and Drug Administration (FDA) dos EUA para uso no
tratamento de fibromialgia em 2007. A pregabalina age inibindo os canais de célcio pré
sinapticos dependentes de voltagem por se ligar a proteina auxiliar alfa-2-delta. In
vitro, este farmaco reduz a liberagdo de neurotransmissores calcio-dependentes
incluindo glutamato, norepinefrina, calcitonina e substancia P, estes neurotransmissores
tém sido associados a sensibilizacdo do sistema nervoso. Portanto, considerando o
potencial neuromodulador da pregabalina baseado no seu mecanismo de acdo, € um
farmaco atrativo para avaliar o papel da modulacdo do cortex sensitivo e motor na

fisiopatolgia da FM. No entanto, para que se avance no conhecimento do efeito dos



farmacos na funcdo encefélica, necessitamos utilizar recursos de neuroimagem que
sejam exequiveis em contextos diversos, e que permitam mensurar o efeito dos

farmacos dinamicamente.

Dentre os recursos de imagem existe a Functional Near Infrared Spectroscopy
(FNIRS) que permite avaliar ativagéo cortical por meio da mudanga no consumo local de
oxigénio que acompanha o disparo neuronal regional, mensurado pelas mudangas na
concetracdo da oxi- e desoxi-hemoglobina. Com estas consideracgdes, hipotetizamos que
a modulagdo farmacologica induzida pela pregabalina poderia ser mensurada,
clinicamente por meio de testes psicofisicos da dor (que avaliam vias nociceptivas
associadas a termoreceptores e barorreceptores) e a nivel de neuroimagem por meio do
fNIRS. Por se tratar de um mesmo sistema com potencial de ser avaliado de forma
virtualmente simultanea, hipotetizamos também que existird uma associacao entre as
modulacgdes clinicas (testes psicofisicos) e neurologicas (fNIRS do cortex sensitivo e
motor primarios). Desta forma, neste estudo avaliou-se o efeito de pregabalina (150 mg)
em dose Unica em fibromialgicas e controles saudaveis. Em ambos 0s grupos a
pregabalina foi comparada ao placebo, num desenho de estudo randomizado, duplo-
cego, cruzado. Avaliou-se o efeito das intervencgdes, intra e inter-grupos, na ativacao
cortical de maneira indireta, pela concetracdo da oxi-hemoglobina durante testes
psicofisicos da dor por meio meio do Quantitative Sensory Testing (QST) e algometria
de presséo, que foram comparados com a ativacao cortical durante uma tarefa motora de
percussdo dos dedos da méo (left hand finger tapping). Foram estudadas mulheres com
idade entre 18 e 65 anos, 17 fibromialgicas e 10 controles saudaveis. Os parametros do

QST foram avaliados uma hora apds dose Unica de 150 mg de pregabalina.



Resultados: Na linha de base, as fibromialgicas apresentaram alteragdes no
QST sugestivas de lesdo de fibras finas: o limiar de detec¢cdo de calor (HDT, do inglés
Heat Detection Threshold) foi maior que nas controles (35,53 °C + 3,22 vs. 33,33 °C £
0,85; p<0,05), enquanto o limiar de dor por pressdao (PPT, do inglés Pain Pressure
Threshold) foi menor (2,44 kg/cm? + 1,08 vs. 4,32 kg/cm? + 1,45; P<0,01). Ndo foram
observadas diferencas nos outros componentes do QST, nem mudangas com a
pregabalina. Quando comparados com as saudaveis, nas fibromialgicas o HDT, limiar
de dor por calor (HPT) e a tolerancia ao calor (HT) evocaram activagdo nos giros frontal
médio, precentral e poscentral, porém, de menor amplitude do que as controles. Depois
da administracdo da pregabalina, aumentou a ativacdo em responsta ao HDT, mas ndo
teve correlagdo com o valor do limiar. J& o HPT mostrou se correlacionar de forma
inversa com a ativacéo nos giros frontal superior (rs=-0,552, p=0,033) e precentral (rs=-
0,545, p=0,036) na linha de base e ap6s pregabalina (rs=-0,52, p=0,047). A HT também
apresentou uma correlagdo inversa com os giros frontal superior (rs=-0,645, p=0,032) e
precentral (rs=-0,655, p=0,029), mas neste caso, esta correlacdo desapareceu apds ter
recebido pregabalina. A ativagcdo cortical pelo PPT ndo detectou diferengas entre

fibromialgicas e controles.

Conclusoes: O perfil nos testes psicofisicos nas pacientes apresenta correlacao
com sua ativacdo cortical. As alteracdes nos testes sugerem alteracGes de fibras finas
nociceptivas, o que é explicado por um componente de neuropatia periférica, que na
fibromialgia é acompanhado por diminuicdo da ativacdo em areas sensitivas e motoras,
e aumento da ativacdo em areas associadas com processamento cognitivo da dor, cuja
atividade foi elevada com a pregabalina. Quando comparadas as controles, nas

fibromidlgicas a HT recrutou mais areas associada ao processamento cognitivo da dor, o
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que fortalece a hipotese a favor da existéncia do componente de sensibiliza¢do central
na fibromialgia. Desta forma, estes achados reforcam a provavel coexisténcia de

alteracOes periféricas e centrais na fisiopatologia da fibromialgia.

Palavras chave: fibromialgia, pregabalina, espectroscopia infravermelha funcional,
teste sensitivo quantitativo.
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ABSTRACT

Fibromyalgia is a syndrome characterized by presenting chronic diffuse pain,
fatigue, mood and sleep disturbances. Although its pathophysiology has not been
totally elucidated yet, the neurobiological processes seems to involve funciontal
alterations of the sensorimotor cortex and its conections with subcortical structures
(related to the pain neuronal matrix), and also, with quantitative and qualitative
alterations in fine sensitive fibers from the peripheral nervous system. It is known that
increased intracellular calcium above certain threshold might be part of a process
activity-dependant that leads to central sensitization, due to elevated calcium influx
through NMDA and AMPA channels, as well as voltage-dependent channels, and also
due to relase of intracellular microsomal reserves. Central sensitization can also be
interpreted as a maladaptive plasticity that sustains pain circuits and its correlated.
Thus, the sensorimotor cortex has been a diagnostic and therapeutic target for the study

and treatment of chronic pain.

Among the multiple pharmacological strategies, the use of pregabalin has been
recommended and approved by the Food and Drug Administration (FDA) of the United
States of America for treatment of patients with fibromyalgia since 2007. Pregabalin
acts by inhibiting voltage-dependant pre-synaptic calcium channels by binding to the
auxiliary protein alfa-2-delta. In vitro, this drug reduces the liberation of
neurottransmissors that depend on calcium, and that include glutamate, norepinephrine,
calcitonin and P-substance. All the latter mentioned neurotransmitters are associated
with the central nervou system sensitization. Thus, considering its potential as neuronal

modulation, taking into accout tis mechanisms of action, the pregabalin is an appealing
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drug to study the role of the modulation fo the sensorimotor cortex in the
pathophysiology of fibromyalgia. Nevertheless, to incrase the knowledge about the
effect of drugs on the cortical function, we need to use feasible neuroimaging resources
able to be applied in diverse contexts, and that allow to measure the effect of the drugs

in real time.

Among the neuroimaging resources, there is the Functional Near Infrared
Spectroscopy (fNIRS), which allows to assess cortical activation estimating the uptake
of regional oxygen, that accompanies local neuronal firing. The fNIRS measures
changes in the concentration of oxy and desoxy hemoglobin.  Given these
considerations, we hypothezise that the pharmacological modulation induced by
pregabalin could be measured, clinically through psychophysical pain testing, and at the
neuroimaging level using fNIRS. Given that it is about the same system with the
potential to be assessed in complementary and virtually simultaneous ways, we also
hypothesize that there still could exist an association between the clinical modulation
(psychophysical tests) and cortical sensorimotor activation (assessed by fNIRS). In this
way, this study appraised the effect of a single dose of pregabalin (150 mg) in the
cortical activation and psicophysical pain testing in fibromyalgic and in healthy
subjects. In both groups, pregabalin was compared to placebo, in a randomized, double-
blinded, cross-over trial design. We assessed the effect of pregabalin, within and
between-groups, on the cortical activity in an indirect way via the changes in oxy-
hemoglobin upon heat and pressure stimuliation inside a protocol of QST, and also
compared the psychophysical pain tests results with the performance during a Left Hand

Fingertapping Task. We studied women aging 18 to 65, 17 of them with fibromyalgia
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and 10 healthy controls. QST parameters were assessed one hour after a single dose of

150 mg of pregabalin.

Results: At baseline, patients with fibromyalgia presented QST alterations
suggestive of fine nerve fibers lesion: baseline HDT was higher in fibromyalgia
(35.53+3.22 vs. 33.33+0.85, P<0.05), while PPT was lower (2.44+1.08 vs. 4.32+1.45,
P<0.01) than healthy volunteers, but did not change with pregabalin. When compared to
healthy subjects, HDT, HPT, and HT evoked smaller activation in the middle frontal,
pre- and post-central gyri in fibromyalgia, that increased after pregabalin (only for
HDT-induced activation), but that was not correlated to the HDT. HPT was inversely
correlated to the activation in the superior frontal (rs=-0.552, p=0.033) and precentral
gyri (rs=-0.545, p=0.036), remaining unchanged after pregabalin (rs=-0.52, p=0.047).
HT was inversely correlated to the middle frontal (rs=-0.645, p=0.032) and precentral
gyri activation (rs=-0.655, p=0.029), but was no longer correlated after pregabalin. PPT

cortical activation did not differ between fibromyalgia and healthy volunteers.

Conclusions: The psychophysical pain testing profile in fibromyalgia has a
cortical correlate. Alterations in tests for small fibers support its probable peripheral
neuropathic component, and was accompanied by decreased activation in sensorimotor
areas but increased in pain-related cognitive processing cortexes, and whose activity is
increased by pregabalin. Also, upon HT fibromyalgia patients recruited more areas
related to pain cognitive processing, which could favor the hypothesis of a component

of central sensitization in fibromyalgia, and which was poorly modulated by pregabalin.
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Taken together, these findings support the co-existence of both, peripheral and central

alterations in fibromyalgia.

Keywords: fibromyalgia, fNIRS, pain testing, pregabalin.
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CAPITULO | - INTRODUCAO

A fibromialgia (FM) € uma sindrome de dor cronica que atinge aproximadamente 2% da
populacdo dos Estados Unidos, sendo responséavel pelo impacto negativo ao individuo e
a sociedade %, pois além das alteracdes na percepcdo da dor, os pacientes apresentam
sono ndo reparador, cansago, e alteragcdes cognitivas, o que fortalece a linha de
pensamento moderna da doengca como sendo decorrente de alteragdes do sistema
nervoso central . Na FM, as redes neurais responsaveis pelo processamento da dor
sofrem mudancas consideradas mal adaptativas *, as quais apresentam potencial de
serem modificadas por meio de estratégias multimodais °, que incluem farmacos °,
mudangas comportamentais ', atividade fisica e meios fisicos (calor terapéutico) °. De
forma consistente, as estratégias terapéuticas sdo multifatoriais, objetivando o alivio
sintomatico, e portanto, o alvo é modificar a plasticidade mal adaptativa nas vias de
processamento da dor. Associadas a estas, tem sido proposto intervengfes nao
farmacoldgicas para reverté-las, incluindo terapia cognitivo comportamental, técnicas de
relaxamento, estimulagBes periféricas como eletroacupuntura e estimulacGes

" Também, anticonvulsivantes e

transcranianas de corrente continua e magnética
antidepressivos tem sido preconizados, alguns deles com suporte cientifico suficiente,
como a pregabalina, aprovada pela Food and Drug Administration (FDA) dos EUA para

uso no tratamento de fibromialgia em 2007.

A pregabalina demonstrou ser capaz de reduzir a liberacdo de diversos
neurotransmissores calcio-dependentes, incluindo glutamato, norepinefrina, calcitonina
e substancia P °. Diferentes estudos experimentais tem demostrado o seu efeito

10,11

modulador duradouro ao longo do tempo na fibromialgia , NO entanto, S40 escassos

0s estudos sobre 0 mecanismo de acéo deste fA&rmaco in vivo, num contexto de vida real
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12714 Dentre os poucos estudos existentes, um deles comparou o efeito da pregabalina

na ativacdo cortical em resposta ao estimulo doloroso, usando ressonéncia magnética
funcional (fMRI) em mulheres fibromialgias, comparadas com saudaveis sem
tratamento. O estudo demonstrou efeito no giro supramarginal, giro frontal superior e
inferior, giro temporal médio, talamo, cerebelo e cértex calcarino™. Outro estudo
experimental, crossover, com pacientes fibromialgicas avaliou o efeito de 450 mg de
pregabalina diarios, durante 14 dias. O efeito foi avaliado com técnicas de neuroimagem
combinadas fMRI, espectroscopia de prétons e analise de conectividade funcional,
mostrou que a pregabalina diminui os niveis de glutamato+glutamina na insula
posterior, assim como da conectividade funcional nas areas de funcionamento em
repouso do cérebro 2. Usando estes métodos de avaliagdo é possivel observar in vivo os
mecanismos de ac¢do de um farmaco em sistemas modificados pela doenca, destacando
que a fMRI fornece informacdes detalhadas sobre a localizagdo da estrutura envolvida
nas respostas, mas com uma baixa precisdo na avaliagdo da funcdo da estrutura
estudada, além do elevado custo para sua realizagdo, fazendo deste um exame de acesso

restrito.

Na busca por alternativas mais acessiveis na avaliagdo do cortex cerebral,
devido ao seu melhor balangco entre acesso a area cortical e sua respectiva funcéo, a
fNIRS, ou espectroscopia com método Optico de neuroimagem funcional, surge como
candidata por preencher os critérios de dinamicismo e practicidade desejaveis. Esta
técnica permite o mapeamento funcional do cortex do cérebro em tempo real, in vivo,
em humanos e em animais, fornecendo informacdo sobre atividade neuronal, que é
inferida por mudancas hemodinamicas que as acompanham *°. A fNIRS utiliza niveis
seguros de luz, que podem ser emitidas por laser ou por LED, mas com comprimentos

de onda no espectro préximo ao infravermelho, entre 650 e 950 nm, e que penetra (até
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2cm) no tecido bioldgico, permitindo atingir o cdrtex cerebral e interagir com oxi- e
deoxi-hemoglobina do sangue regional. Medindo-se a intensidade da luz que emerge do
cranio por meio de detectores colocados sobre o escalpo, pode-se inferir, de forma néo
invasiva, a variacdo do nivel de oxigenacdo do tecido cerebral, permitindo a

confirmagcéo da localizagdo das regides de ativacao.

Embora a FM seja uma patologia com grande impacto na vida dos pacientes,
sua fisiopatologia ndo estd totalmente elucidada, evidéncias recentes sugerem que o
processo neurobioldgico inclui alteragdes funcionais do cortex motor e de suas conexdes
com estruturas subcorticais que constituem a neuromatriz da dor'®, assim como
alteracdes quantitativas e qualitativas em fibras finas sensitivas do sistema nervoso
periférico’’. Além das alteragdes periféricas existe um processo de desinibicio central.
Sabe-se que o0 aumento de calcio intracelular é um mecansimo central no
desencadeamento e na manutencdo da hiperexcitilidade neuronal, que se sustenta pelo
desequilibrio nos mecanismos de excitacéo e de inibigéo, os quais induzem processos de
plasticidade mal-adaptativa que sustenta circuitos reverberantes da dor e de seus
correlatos®®. Entéo, 0 cortex sensitivo e motor tem sido alvo diagndstico e terapéutico no

tratamento da dor.

Dentre as multiplas estratégias farmacoldgicas tem sido preconizado o uso da
pregabalina, aprovado pela Food and Drug Administration (FDA) dos EUA para uso no
tratamento de fibromialgia. A pregabalina age inibindo os canais de célcio pre
sinapticos dependentes de voltagem, com ligacdo a proteina auxiliar alfa-2-delta. In
vitro, este farmaco reduz a liberagdo de neurotransmissores calcio-dependentes
incluindo glutamato, norepinefrina, calcitonina e substancia P, tendo sidos estes
neurotransmissores associados & sensibilizacdo do sistema nervoso®. Portanto,

considerando seu potencial neurmodulador baseado neo seu mecanismo de acao, ela é
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um farmaco atrativo para estudar o papel da modulacéo do cortex sensitivo e motor na

fisiopatolgia da FM.

No entanto, para que se avance no conhecimento do efeito dos famarcos na
funcdo cortical, se faz necessario utilizar recursos de neuroimagem que sejam acessiveis
em diversos contextos, e que permitem mensurar o efeito dos farmacos em tempo real.
Dentre os recurso de imagem existe a Functional Near Infrared Spectroscopy (fNIRS)
que permite avaliar ativacdo cortical por meio da mudanca no consumo local de
oxigénio que acompanha o disparo neuronal regional, mensurado pelas mudancgas na

concentracdo da oxi- e desoxi-hemoglobina™*.

Com estas consideragoes,
hipotetizamos que a modulacdo farmacologica induzida pela pregabalina, poderia ser
mensurada clinicamente por meio de testes psicofisicos da dor, e a nivel de
neuroimagem por meio do fNIRS. Por se tratar de um mesmo sistema com potencial de
ser avaliado de forma virtualmente simultanea, hipotetizamos também uma associa¢ao
entre os parametros clinicos (testes psicofisicos) e neurologicas (fNIRS no coértex
sensitivo e motor primarios). Desta forma, neste estudo avaliou-se o efeito de
pregabalina (150 mg) em dose Unica em fibromialgicas e controles saudaveis. Em
ambos 0s grupos a pregabalina foi comparada ao placebo, num estudo randomizado,
duplo-cego, cruzado. Avaliou-se o efeito das intervengdes, intra e inter-grupos, na
ativacdo cortical de maneira indireta, pela concentracdo da oxi- hemoglobina durante
testes psicofisicos da dor por meio meio do Quntitative Senory Testing (QST) e
algometria de pressdo, que foram comparados a ativacdo cortical durante uma tarefa

motora de percussdo dos dedos da mao (left hand finger tapping). Esta tese originou um

artigo que esta formatado para ser submetido a Neuroimage.
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CAPITULO II - REVISAO SISTEMATIZADA DA LITERATURA

1. ESTRATEGIAS PARA LOCALIZAR E SELECIONAR AS INFORMAGCOES

Na busca literaria, ressaltou-se 0s principais aspectos relacionados a FM,

Pregabalina e a espectroscopia infravermelha funcional (fNIRS). A estratégia de busca

envolveu as seguintes bases de dados: LILACS, PubMed e EMBASE, sem restricdo de

data de publicacdo. Abaixo encontra-se o fluxograma (Figura 1) representando o

numero de artigos disponiveis nas bases de dados pesquisadas.

Palavras chave
* Fibromyalgia
* Pregabalin
» fNIRS
|
v v 2
PUBMED EMBASE LILACS

A 4

Y

\

1. Fibromyalgia (9650) 1. Fibromyalgia (16465) Fibromyalgia (465)
2. Pregabalin (2600) 2. Pregabalin (10065) Pregabalin (12)
3. fNIRS (765) 3. fNIRS (884) fNIRS (1)
W L L J
. 1+2(283) e 1+2(1084) 1+2 (1)
- 1+3(1) « 1+3(1) 1+3(0)
« 2+3(0) « 2+3(0) 2+3(0)
* 1+2+3(0) * 1+2+3(0) 1+2+3(0)

Figura 1: Fluxograma da busca na literatura. Abreviaturas: fNIRS — Espectroscopia

infravermelha funcional

spectroscopy).

livre do

inglés functional

near infrared
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2. FIBROMIALGIA

A fibromialgia (FM) é uma sindrome que envolve mdltiplas queixas, entre as
quais se destaca a presenca de dor cronica generalizada, cansago, sono ndo reparador,
sintomas depressivos e cognitivos 2%, Acomete cerca de 2% da populacio nos Estados
Unidos, sendo diagnosticada com maior frequéncia em mulheres *. A dor cronica é um
processo mal adaptativo do sistema nervoso central, tornando o sistema mais vulneravel
as demandas dos meios interno e externo, com impacto negativo ao individuo e a
sociedade. A FM afeta mais de 3% da populacdo mundial, onera o sistema de salde ao
considerar as incapacidades, afastamentos e aposentadorias precoces associadas®%. Por
se tratar de uma patologia cronica que concorre com incapacidade para as atividades da
vida diaria. Embora existam mecanismos fisiopatogénicos plausiveis que expliquem o
desencadeamento e sustentacdo dos processos neurobiolégicos disfuncionais #2, ainda
ndo existe consenso pleno sobre os mecanismos fisiopatogénicos da FM, nem sobre as
estratégias terapéuticas que permitam reverter ou conter 0S processos de
neuroplasticidade mal adaptativa ja instaurados na neuromatriz da dor e no sistema de

aferente periférico.

As queixas de hiperalgesia, alodinia e dor generalizada, fortalecem a
argumentacao sobre a presenca de amplificacdo do input nociceptivo, hipétese que tem
sido sustentada por meio de estudos de neuroimagem que mostram alteragdo em regides
corticais associadas ao processamento da dor *2*. Além disto, alteracdes periféricas
entendidas como mudancas musculares, fasciais e nervosas periféricas, estdo
apresentando relevancia na explicacao da fisiopatologia da fibromialgia, pois estudos da
ultima década que tem mostrado alteracfes na utilizacdo do oxigénio em nivel muscular

2 no tamanho e densidade capilar muscular®®. A nivel de fibras periféricas, tem sido
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observado que fibromialgicas comparadas com pacientes com depressdo e com higidas,
apresentam maior limiar de detecgdo ao frio e ao calor, menores potenciais evocados
porém com maior laténcia, que é caracteristico de lesdo de nervo periférico. Esta
observacgdo foi confirmada com biopsias de pele, que evidenciaram menor nimero de
fibras nervosas finas ndo mielinizadas®’. E também caracteristico nas pacientes
fibromialgicas o menor limiar de dor a pressdo, que é generalizado, com pouca

interferéncia de fatores cognitivos®?°,

Estudo meta-analitico que comparou controles sem dor e pacientes com FM,
observou que na FM existem diferentes padrdes de atividade na insula, amigdala, cortex
cingulado anterior/médio, giro temporal superior, cortex somatosensitivo primario e

secundario, e giro lingual®

, que correspondem as areas tradicionalmente descritas como
neuromatriz da dor. Portanto, uma melhor compreensdo do efeito das terapéuticas nesta
neuromatriz, poderia proporcionar embasamento cientifico ao processo diagnostico e

terapéutico destas doencas.

O tratamento da FM objetiva contra-regular o processo neuroplastico
disfuncional, por meio de técnicas multimodais. As intervencdes farmacologicas
incluem analgésicos simples, sedativos e relaxantes musculares promovendo o controle
sintomatico, atingindo algum nivel de sucesso terapéutico, embora com resultados
heterogéneos e de magnitude variavel ®*!. Associadas a estas, tem sido propostas
algumas intervengdes ndo farmacoldgicas, incluindo terapia cognitivo comportamental,
técnicas de relaxamento, estimulacGes periféricas como eletroacupuntura, e estimulagéo

transcraniana com campos magnéticos e com corrente continua’.
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3. PREGABALINA

A pregabalina é estruturalmente semelhante ao neurotransmissor inibitorio
acido gama-aminobutirico (GABA), sendo estrutura quimica o S-enatidbmero do acido 3-
aminometil-5-metilhexanéico °*2. Possui elevada afinidade & proteina alfa-2-delta dos
canais de célcio dependentes de voltagem no sistema nervoso central. A ligacdo da
pregabalina a proteina alfa-2 delta € o que confere o efeito analgésico, ansiolitico e
anticonvulsivante >3 A pregabalina é um dos medicamentos de primeira linha para o
tratamento da fibromialgia, com favoravel perfil de efeitos adversos. Devido a sua
farmacocinética, doses Unicas sdo capazes de atingir 90% da sua biodisponibilidade em
até uma hora, com pouca interacdo com outros medicamentos. No entanto, para
conseguir efeitos clinicos na fibromialgia objetivando a diminuicéo de efeitos adversos,
€ necessaria sua titulacdo durante pelo menos 12 a 26 semanas, até atingir doses entre

300 a 600 mg**.

Os efeitos adversos (EA) da pregabalina tem sido descritos em varios ensaios

clinicos randomizados'®#%>%

, sdo frequentes, mas a taxa de EA graves sdo
semelhantes ao placebo. A taxa de descontinuacdo do uso do medicamento também €
baixa e esta relacionada a dose. Dentre 0os EA mais frequentes estdo tontura, sonoléncia,

ganho de peso e edema periférico®.

In vitro, este farmaco demonstrou ser capaz de reduzir a liberacdo de diversos
neurotransmissores calcio-dependentes, incluindo glutamato, norepinefrina, calcitonina
e substancia P°. Estudo em voluntarios saudaveis usando 600 mg de pregabalina e
estimulagdo magnética demostrou que o farmaco pode agir em diferentes circuitos
inibitérios no cortex motor humano, o que sugere um efeito ativador de receptores

GABA-B¥®. Varios ensaios clinicos randomizados tem demostrado o efeito modulador



30

10,34,40

da pregabalina ao longo do tempo , NO entanto, sdo escassos estudos sobre o

mecanismo de acdo deste farmaco in vivo, em humanos.

Poucos ensaios clinicos tem estudado as alteracdes que a pregabalina exerce no
cérebro humano. Um deles, que investigou as alteracfes cerebrais usando fNIRS,
comparou o efeito da pregabalina no estimulo doloroso em mulheres fibromialgias,
estratificando segundo a resposta ao tratamento, e comparando com saudaveis (sem
pregabalina). O estudo demonstrou que o farmaco exerce efeitos nos giros
supramarginal, frontal superior e inferior, temporal médio, talamo cerebelo e cértex
calcarino™, sendo eles parte da neuromatriz da dor. O estudo demonstrou efeito no giro
supramarginal, giro frontal superior e inferior, giro temporal médio, tdlamo cerebelo e
cortex calcarino. Outro estudo experimental, crossover, com pacientes fibromialgicas
avaliou o efeito de 450 mg de pregabalina diarios, durante 14 dias. O efeito foi avaliado
com técnicas de neuroimagem combinadas (fMRI, espectroscopia de protons, e analise
de conectividade funcional), onde foi demonstrado que a pregabalina diminuiu os niveis
de neurotransmissores excitatorios (glutamato e glutamina) na insula posterior, e
reducdo da conectividade funcional nas areas de funcionamento em repouso do
encéfalo®®. Usando estes métodos de avaliacdo é possivel observar in vivo os

mecanismos de acdo de um farmaco em sistemas modificados pela doenca.

Mesmo com estes avangos na tecnologia de neuroimagem (i.e. fMRI, H-MRS)
que auxiliam de forma significativa o entendimento de processos fisiopatoldgicos, estas
tecnologias sdo ainda incapazes de resolver a necessidade clinica de levar estes achados
a beira do leito do paciente. A realidade clinica precisa tecnologias de menor custo,
menos invasiva, que dispense 0 uso de contrastes ou meios endovenosos, mMenos
restritas, mas igualmente confiaveis. Nesta perspectiva, 0 fNIRS representa uma

alternativa com potencial de satisfazer estas necessidades, pois trata-se de uma
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tecnologia de relativo menor custo e manutencdo, que dispensa acessos Venosos
(favorecendo sua aplicacdo em pediatria, populagdo sensivel e psiquidtrica), e
interpretagdo que envolve varios processos complexos, porém com potencial de ser
automatizado, favorecendo seu uso clinico. Do ponto de vista de ciéncias basicas,
fNIRS também oferece versatilidade para ser usado de forma simultdnea com
eletroencefalografia, estimulacdo magnética transcraniana, estimulacdo elétrica
transcraniana, ou outras terapias farmacoldgicas e ndo farmacoldgicas. Constituindo-se
por tanto, em elo de grande importancia para encurtar as distancias entre 0s cenarios
clinicos e pesquisa bésica. Particularmete na fibromialgia, € relevante o aprimoramento
de técnicas clinicas, pois ndo existe modelo animal aceito com unanimidade que consiga

reproduzir a doenca para o seu estudo.

4. ESPECTROSCOPIA INFRAVERMELHA FUNCIONAL (fNIRS)

O emprego de uma técnica de avaliacdo funcional do cortex cerebral que
ofereca portabilidade, facilidade de aplicacéo e interpretacdo, ¢ fundamental quando o
objetivo é levar o conhecimento para contexto clinico aplicado. Sendo assim, é
desejavel investigar marcadores complementares, Gteis na previsdo de resposta
terapéutica, que permitam de forma accessivel escolher os melhores candidatos a uma
terapia. E sabido que ndo existe técnica Unica que substitua o ‘H-MRS, existem
alterativas de menor custo e maior disponibilidade, que de forma complementar se
aproximam ao ‘H-MRS, como a espectroscopia infravermelha funcional (fNIRS, do
inglés Functional Near Infrared Spectroscopy)’® e a estimulacdo magnética

transcraniana (EMT) *.
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O uso da fNIRS permite avaliar a ativagdo cortical de modo inferencial, por
meio do estudo das mudancas na sua hemodindmica. Esta técnica emprega feixes de luz
no espectro proximo ao infravermelho que sdo projetados sobre o escalpo para inferir
concentragOes corticais dos estados da hemoglobina, cujas mudancas obedecem ao nivel
de ativacdo das diferentes regibes corticais, permitindo assim a geracdo de mapas

funcionais * (Figura 2).
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Figura 2. Mapas topograficos e ativacdo cortical usando fNIRS. Esquerda:
Demonstracdo de mapas de ativacdo no M1 durante uma tarefa motora. Direita:
Exemplo de curvas médias de Hemoglobina oxigenada (OxyHb) e desoxigenada

(DesoxyHb) apds tarefa motora com a mao direita (Right) e esquerda (Left).

A fNIRS é um recurso com maior viabilidade para mensurar 0S processos
fisiologicos e as respostas corticais em ambientes mais naturais. De acordo com o
contexto, a mudanca de estado da hemoglobina permite fazer um nexo de causalidade
nos estados subsequentes & determinadas testes ou tratamentos. Por esta razdo a fNIRS é

uma técnica com maior viabilidade para uso nos cenérios de pesquisa e também clinico.



33

No presente estudo mensurar-se-a o efeito da pregabalina em redes neurais corticais de
regides de interesse, particularmente zonas topogréaficas somatossensitivas, onde ocorre
grande parte do processamento neurobiolégico em circuitos que constituem a
neuromatriz da dor. A resposta das vias sensorio discriminativas sera avaliada por

estimulos nociceptivos de pressdo com intensidade crescente’*?

, € por estimulos
nociceptivos térmicos **. Ambos tipos de estimulacdo nociceptiva induzem resposta
cortical dependente da magnitude, que é passivel de ser detectada pelo fNIRS, portanto,
poderia ser empregada como marcador objetivo de resposta. Estudos de neuroimagem
em voluntarios saudaveis e em pacientes com diferentes etiologias de dor crénica, tem
destacado o papel de regides encefalicas no processamento da dor, a saber: cértex
sensitivo primario (S1), sedundario (S2), cortex insular, cingulado anterior e prefrontal,
assim como talamo e cerebelo®. O fato de algumas destas regides pertencer a areas
subcorticais, ou ndo expostas a boveda craniana, pode gerar duvidas sobre a aptiddo da
fNIRS para sua avaliacdo. Entretanto, ja tém sido realizados estudos usando fNIRS para
explorar o potencial de avaliar a utilidade de assessar areas corticais superficias
preferencialmente, com intuito de analisar a resposta nociceptiva. Em voluntarios
saudaveis, tem sido mostrado que a avaliacdo do lobo frontal, S1 e S2 pode ser

45
I

suficiente para identificar a “assinatura” da ativacdo por estimulo tactil *, calor *,

46,47 48,42,49 50

frio™"", pressdao mecanica , elétrica gengival *°, elétrica muscular™, elétrica

periférica neuronal®®™, e visceral sob sedacdo moderada>*°.

Na FM ocorre um processamento anormal da resposta nociceptiva, expresso
pela hiperalgesia, alodinia e somacao temporal a dor (auséncia de mudanca na funcao
cortical a estimulos de intensidade variada)®®. No entanto, a avaliagdo integrada do
sistema neurobiologico da dor em tempo real, utilizando recursos técnicos modernos e

portateis como a fNIRS, criaram possibilidades de acesso que auxiliardo na
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compreensdo do efeito terapéutico nos mecanismos de neuroplasticidade, os quais
determinam a LTP (potencial de longa duracdo, do inglés Long term potentiation) e a
LDP (potencial de curta duracdo, do inglés long term depression). Este método de
acessar a funcdo cerebral por pardmetros de ativacdo cortical por meio da fNIRS,
representa grande avango no campo da neurociéncia clinica. A compreensdo integrada
da neurobiologia dos pacientes com FM através de métodos acessiveis, mais
econdmicos e maior disponibilidade ao clinico, tem o potencial para impactar em
decisdes clinicas. O entendimento da neurobiologia do paciente com FM antes e apds a
intervengdo terapéutica, contribuiria na busca de marcadores a resposta terapéutica,

aproximando a pratica clinica ao ideal da medicina personalizada.
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CAPITULO IIl - JUSTIFICATIVA, MARCO CONCEITUAL E OBJETIVOS

1. JUSTIFICATIVA

Fibromialgia (FM) é uma sindrome que se caracteriza por dor cronica difusa,
fadiga, transtornos do sono e alteracGes de humor. Embora sua fisiopatologia néo esteja
totalmente elucidada, o processo neurobioldgico parece envolver alteracdes funcionais
do cortex motor e de suas conexoes com estruturas subcorticais que constituem a
neuromatriz da dor, assim como alteragdes quantitativas e qualitativas em fibras finas
sensitivas do sistema nervoso periférico. Sabe-se que o aumento do célcio intracelular é
um mecansimo central no desencadeamento e na manutencdo da excitilidade neuronal,
que é mantido pelo desequilibrio nos mecanismos de excitacdo e de inibicdo, os quais
induzem processos de plasticidade mal-adaptativa que sustenta circuitos reverberantes
da dor e de seus correlatos. Sendo assim, o cortex sensitivo e motor tem sido alvo
diagndstico e terapéutico no tratamento da dor. No entanto, para que se avance no
conhecimento do efeito dos famarcos na funcéo cortical, necessitamos utilizar recursos
de neuroimagem que sejam acessiveis nos diversos contextos, e que permitem mensurar
o efeito dos farmacos em tempo real. Dentre o0s recurso de imagem existe a functional
Near Infrared Spectroscopy (fNIRS), que permite avaliar a ativagdo cortical por meio da
mudanga no consumo local de oxigénio que acompanha o disparo neuronal regional,

mensurado pelas mudancas na concetracdo da oxi-hemoglobina.
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2. MARCO CONCEITUAL

A fibromialgia constitui uma sindrome de dor crénica que cursa alteracfes
corticais decorrentes da neuroplasticidade mal adaptativa. A mesma tem sido alvo para
estudos diagndsticos e terapéuticos visando a compreensdo das alteracbes na
neuromatriz da dor, dentre as quais se destacam o cOrtex somatossensitivo e a insula.
Adiciona-se a essas 0 cortex motor, que tem sido um ponto de modula¢do top-down no

tratamento da dor cronica, incluindo a fibromialgia.

Os mecanismos mais aceitos para o entendimento fisiopatoldgico da
fibromialgia no momento envolvem o desequilibrio entre a percepcdo dolorosa e 0s
mecanismos de modulacdo dessas vias aferentes. Niveis elevados de substancia P em
liquor e niveis reduzidos de serotonina e seus precursores em liquor, soro e plagquetas
sdo sugestivos desses desequilibrios, uma vez que a substancia P € mediadora das vias
aferentes enquanto a serotonina medeia a inibicdo da dor. Outra explicacdo para a
alteracdo da atividade da serotonina seria o polimorfismo dos receptores de serotonina,
0 que pode explicar também o agrupamento familiar desses pacientes. Alteragdes
cerebrais em porcdes rostrais ao tdlamo poderiam ser responsaveis pela percepgédo
elevada de estimulos ambientais, com a consequente alteracbes de informagdes
proprioceptivas, térmicas e tateis ou pressorica em sensacfes dolorosas. Finalmente, 0s
mecanismos reducionistas de explicagdo fisiopatoldgica da fibromialgia ndo tém
encontrado respaldo na literatura e explicagfes multicausais sdo as mais aceitas. Dentre
os farmacos aprovados para o tratamento da FM esta a pregabalina, farmaco que esta
envolvido em processos de neuromodulacdo em regifes encefélicas que participam da
neuromatriz da dor. O efeito cortical de farmacos como a pregabalina pode ser avaliado
usando recursos de imagem como o fNIRS, a qual permite realizar avaliacbes em

ambientes naturais (dindmicas), com alta resolucdo temporal, sendo portétil, e
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possibilitando explorar assinaturas corticais frente a eventos. Sendo assim, a hipétese
deste estudo é que a ativacdo do cortex motor e somatosensitivo esquerdos de pacientes
com fibromialgia estd associada com testes psicofisicos da dor e que podem ser
modulados pela pregabalina. A seguir apresenta-se de forma sucinta e representativa, o

mapa conceitual (Figura 3) para facilitar o entendimento do racional teérico deste estudo
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T
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A ativacdo do cértex motor e somatosensitivo esquerdos de pacientes com
fibromialgia esta associada a testes psicofisicos da dor e que podem ser
modulados pela pregabalina.

Figura 3: Marco Conceitual. Abreviaturas: fNIRS — Espectroscopia infravermelha

funcional (traducdo livre do inglés functional near infrared spectroscopy).
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3. OBJETIVOS

Objetivo Geral

Avaliar as alteracbes corticais no processamento nociceptivo na fibromialgia,

comparada a individuos saudaveis e a sua modulacéo induzida pela pregabalina.

Objetivos especificos

- Comparar a ativagdo — excitabilidade do cortex somatossensitivo de maneira
inferencial, pelas mudancas relatias na concentracdo da oxi-hemoglobina, em

fibromialgicas e sujeitos saudaveis.

- Descrever o efeito da pregabalina em dose Unica (150 mg) na ativacdo cortical, em
comparagdo ao placebo, e 0 impacto das caracteristicas de base do sistema modulado
pelo farmaco, comparando estas respostas entre ambos os grupos (fibromialgicas e
saudaveis), intra e inter-grupos. Para este fim, serdo considerados 0s seguintes

desfechos:

e Comparacdo entre atividade motora e estimulo sensitivo: Caracteristicas
topogréficas e amplitude de ativacdo cortical em resposta a atividade motora e a
estimulo sensitivo com diferentes modalidades: calor e pressao.

e Topografia e amplitude da ativacdo cortical em resposta aos estimulos,
caracterizacdo segundo a modalidade.

e Correlacao da resposta aos testes psicofisicos da dor, e sua ativacéo cortical regional
evocada.

e Padrdes de ativacdo que possam refletir processos fisiopatologicos — assinaturas de

alteracdes corticais.
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ABSTRACT

Pathophysiological mechanisms possibly involved in fibromyalgia include peripheral
and central sensitization of the nervous system. Aim: To measure the correlate between
left sensorimotor cortex using functional near infra-red spectroscopy (fNIRS) after
different experimental acute pain modalities (i.e. motor task, heat and pressure), in
fiboromyalgia patients and healthy subjects and their response upon an approved
pharmacological therapy (pregabalin). Methods: We designed a cross-over,
randomized, blinded, placebo-controlled trial. Seventeen adult women with
fibromyalgia and ten healthy subjects under 65 years old were recruited and randomized
to a single dose of pregabalin 150 mg or placebo. One hour after the intervention, we
studied the cortical activation using fNIRS, measured during a left-hand finger tapping
task (LHFT), and upon Heat detection (HDT), heat pain (HPT), heat tolerance (HT) and
pressure pain thresholds (PPT). Results: baseline HDT was higher in fibromyalgia
compared to healthy subjects (35.53£3.22 vs. 33.33£0.85, P<0.05), while PPT was
lower (2.44+1.08 vs. 4.32+1.45, P<0.01), but did not change with pregabalin. When
compared to healthy subjects, HDT, HPT, and HT evoked smaller activation in the
middle frontal, pre- and post-central gyri in fibromyalgia, that increased after pregabalin
(only for HDT-induced activation), but that was not correlated to the HDT. HPT was
inversely correlated to the activation in the superior frontal (rs=-0.552, p=0.033) and
precentral gyri (rs=-0.545, p=0.036), remaining unchanged after pregabalin (rs=-0.52,
p=0.047). HT was inversely correlated to the middle frontal (rs=-0.645, p=0.032) and
precentral gyri activation (rs=-0.655, p=0.029), but was no longer correlated after
pregabalin. PPT cortical activation did not differ between fibromyalgia and healthy

volunteers. Conclusions: The psychophysical pain testing profile in fibromyalgia has a
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cortical correlate. Alterations in the HDT, which is a test for small fibers, support its
probable peripheral neuropathic component. Also, it was accompanied by decreased
activation in sensorimotor areas but increased in pain-related cognitive processing
cortexes, and whose activity is elevated by pregabalin. Additionally, upon the HT
fibromyalgia patients recruited more areas related to pain cognitive processing, which is
a characteristic that speaks in favor of a component of central sensitization in
fibromyalgia, and which was poorly modulated by pregabalin. Taken together, these
findings suggest that the sensorimotor cortex activation assessed by fNIRS may be a
useful measure to assess the influence of peripheral changes on the pain pathways and

its influence on cortical pain processing in fibromyalgia.

Keywords: fibromyalgia, fNIRS, pain testing, pregabalin.

Trial registration in clinicaltrials.gov Identifier: NCT02639533
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INTRODUCTION

Fibromyalgia is a generalized chronic pain syndrome that is usually accompanied by
conditions with decreased pain thresholds, fatigue, sleep and mood disturbances #*'.
Although its pathophysiological cause has not been completely elucidated yet, the most
accepted models tend to explain the syndrome in light of peripheral and central
sensitization processes 2. Likewise, fibromyalgia treatment is usually multifactorial, as

it aims to modulate bot peripheral and central nervous system alterations. For such

purpose, both pharmacological and non-pharmacological therapies are usually employed

6,8,31

One of the pharmacological interventions approved for used in fibromyalgia, is
pregabalin. Although structurally similar to the neurotransmitter gamma-amino-butyric-
acid (GABA), pregabalin binds with high affinity to the alpha-2-delta subunit of the
voltage-dependent calcium channels, which are more prevalent in the pre-synaptic nerve
9

endings It is thought to aid reducing sensitization symptoms as it reduces

neurotransmitters’ liberation, including glutamate, norepinephrine, calcitonin and P-

substance °, with proven long-lasting modulatory effect in fibromyalgia ****.

To improve understanding of the components of the pathophysiological processes
involved in fibromyalgia, and how they are modulated by pregabalin, different human
study modalities have been used. Extensive neuroimaging research support the existence
of a brain network for acute pain perception among healthy volunteers, having as main
components the primary (S1) and secondary (S2) somatosensory, insular, anterior
cingulate, and prefrontal cortices and thalamus (for review, see **). As with functional
near infra-red spectroscopy (fNIRS), other authors had already shown in healthy
volunteers its ability to detect and discern S1, S2, and frontal cortex activity upon

48,42,49

different stimulation modalities: tactile *, heat **, cold ***®, pressure , electrical
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gingival >, electrical muscular >, electrical peripheral neuronal *>°*; and visceral pain
under sedation >**°. However, the use of fNIRS to study the cortical activation upon
experimental pain among fibromyalgia patients had been poorly explored. A previous
study by other authors *” compared cortical activation upon painful pressure stimuli
between fibromyalgia, major depression patients, and healthy controls, and found
greater cortical activation among fibromyalgia patients, particularly in the dorsolateral
prefrontal cortex (DLPFC), S1 and S2, but did not find correlations between the stimuli
and the cortical signal. Besides not having compared the pressure stimulation to other
modalities. Particularly for pregabalin in fibromyalgia, neuroimaging studies have
shown that the drug might modulate activation in the supramarginal, superior and
inferior frontal, medial temporal, thalamus, cerebellum, and calcarine cortex™, reduced
excitatory neurotransmitters in the posterior insula, and reduced functional connectivity

in the default mode network 3.

Although there is no established pathognomonic feature or biomarker characterizing the
disease, recent research is moving forward identification of functional cerebral

alterations *°

, and brain signatures associated to the pathophysiological, symptom-
related features of the disease *°. As single modalities have not been enough to address
this endeavor, and would not be sufficient considering the dynamic nature of biological
systems, it is reasonable to consider using different tools to improve the understanding
of the disease. Combining different modalities of psychophysical pain testing with
fNIRS is an appealing method to study pain processing in fibromyalgia, because it
allows to study in an extended way the systems hypothesized to be involved in the
pathophysiology of the disease. On one side of the nociceptive volley, there are several

reports of reduced number of epidermal nerve fibers in skin biopsies in fiboromyalgia

patients compared to healthy volunteers 2. And on the other side, there is evidence of
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morphological and functional alterations in the brain pain matrix, including areas
involved in anticipation, attention and emotional processing of pain, as well as motor

control ©

. Different modalities of stimulation would thus allow to assess the integrity
of peripheral nociceptors depending on the type of stimulus, and to study how abnormal
cortical processing occurs (for the signal received, irrespective of its integrity and of
whether it was corrupted in its detection itself). Psychophysical pain testing also
accounts for the known abnormal cognitive process of the pain, because it also relays on
the subjective perception of the stimuli. Thus, we hypothesize that the pharmacological
modulation of pregabalin on the psychophysical pain testing among fibromyalgia
patients can be quantified at the sensorimotor cortex with a signature of the stimulation

modality, and that it will differs to the one induced in healthy subjects, providing new

insights regarding the pathophysiological processes involved in fibromyalgia.

To test our hypothesis, different objectives were set. First, we aimed to assess whether a
single dose of pregabalin could modulate the experimental pain experience (i.e.
psychophysical pain testing) among fibromyalgia patients, and how it would differ from
healthy subjects. Then, to probe the left somatosensory cortex for regional activation
after different experimental acute pain modalities (i.e. heat and pressure), in
fiboromyalgia patients and healthy subjects. After that, to determine whether the
sensorimotor cortical activation induced by different experimental acute pain modalities
differs from the cortical activation due to a motor task. In other words, test whether the
signal is specific for pain. And if so, to assess if it is modality-dependent. Finally, to
study the correlation between the psychophysical pain tests and its evoked regional

cortical activation.

METHODS
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Study Design

This randomized, double-blind, placebo-controlled crossover study was conducted
according to the Declaration of Helsinki at Hospital de Clinicas de Porto Alegre (Rio
Grande do Sul, Brazil). The protocol was approved by the IRB from Hospital de
Clinicas de Porto Alegre (Approval number: 14-0624), and registered in a Brazilian
registry (Plataforma Brasil, CAAE: 40234514.4.0000.5327), and U.S. National Institute
of Health public registry (ClinicalTrials.gov NCT02639533), too. All subjects and
patients provided written informed consent before participating in this study. None of
the patients neither the pain-free subjects received monetary or any other compensation
for participating in this study. The Experimental cross-over design, assessments and
interventions in each visit are presented in figure 1. The present manuscript is presented

according to the CONSORT guidelines 2.

Participants

Healthy (pain-free) subjects. Subjects were recruited from the general population by
advertising posts in universities, internet, and public places in the great Porto Alegre
area. Subjects were considered eligible to participate if they were female, right-handed,
and aging 19 to 65 years old. Initial screening for eligibility was performed by phone
using a structured questionnaire. Subjects were ineligible if experiencing acute or
chronic pain, using analgesics in the past week, having any: rheumatologic, clinically
significant or unstable medical or psychiatric disorder, history of alcohol or substance

abuse in the past 6 months, neuropsychiatric disease, or using psychotropic drugs.
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Further screening was performed in a personal interview, confirming the information
gathered via telephone, and further assessing the presence of depressive symptoms using
the Beck Depression Inventory (BDI) 11 °*%. Scores equal or higher than 13 were also

excluded.

Fibromyalgia patients. Patients’ list was gathered from the institutional chronic pain
clinic at HCPA. Telephone contact was established for initial screening. Subjects were
also recruited by referrals from other clinic units, and through media advertising.
Diagnoses were confirmed by a personal interview with an experienced pain physician,
who was independent from the trial conduction, but adhered to the 2010 American
College of Rheumatology criteria °’. Literate females, with pain score on the numerical
pain score (zero to ten) equal to or greater than six in most of the days during the last
three months, right-handed and aging 19 to 65 were considered eligible. Subjects were
excluded if: having neurological, neurosurgical, or oncologial disease (current or past);
history of alcohol or drugs abuse; pregnancy or breastfeeding; current or past use of
pregabalin. All interviews and data collection visits were performed in the Center for

Clinical Research, at HCPA, Porto Alegre, RS.

Interventions

Research subjects received both, pregabalin and placebo according to their
randomization sequence. Pregabalin was acquired from ZODIAC as Prebictal®, in solid
capsules containing pregabalin 150 mg and excipients. Placebo was manufactured with
identical solid capsules containing starch. Intervention was administered per oral with a

cup of water during visit 2 and 3, after initial VAS for pain assessment.



61

Outcomes

Primary outcome: cortical activation upon different stimulation modalities

Cortical activation evoked by psychophysical pain testing, as inferred by the amplitude
of the relative changes in the concentration of oxygenated hemoglobin ([HbO]) in the
left somatosensory cortex. Data were collected using the commercially available device
NIRScout by NIRx® (nirx.net), with 4 sources (LEDs at 2 wave-lengths 760 nm and
850 nm), and 4 detectors placed over the scalp using the caps provided by the
manufacturer (EASYCAP®, http://www.easycap.de), in a customized position to create
10 channels (source — detector combination) able to capture the left somatosensory
cortex activation at a sampling rate of 7.81 Hz (Figure 2). fNIRS data acquisition was
performed at baseline after applying standardized questionnaires, and during visit 2 and
3, one hour after receiving the allocated intervention (Figure 1). Subjects were sit in a
comfortable chair with arm rest, and lights turned off during data acquisition to
minimize contamination from other light sources. After verifying correct positioning
and adequate signal capture, we proceed to data gathering. The evoking tests were
performed while recording the cortical activation, for posterior offline analysis. After
explaining, demonstrating and solving doubts about each evoking test, subjects were
asked to remain with their eyes closed, and to reduce any kind of motor activity not
related to the experiment. Each evoking test (i.e. finger tapping task, heat detection
threshold, heat pain threshold, heat tolerance and pressure pain threshold) will be

explained in the following section.

Briefly, offline fNIRS data was initially processed using the NIRSIlab tool provided by

NIRx®. Raw data was checked for adequacy, and channels with gain setting >8 and/or



62

coefficient of variation > 7.5% were excluded. Band-pass filters were applied with roll
off width 15%-15%, low cutoff frequencies of 0.01 Hz, and high cutoff frequencies of
0.2 Hz. Differential Pathlength Factors were adjusted for each subject and wavelength
according to age , and hemodynamic states were calculated. Given the few repetitions
for each evoking test, a non-parametric (and very conservative) approach was adopted
(avoiding statistical parametrical mapping due to violation of assumptions). Relative
changes in oxygenated hemoglobin ([HbO]) were later exported for analysis in a custom
R-project script (R Development Core Team (2008). R: A language and environment for
statistical computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-

900051-07-0, URL http://www.R-project.org.). Briefly, given a temporal reference

(marker), the script calculated the average of the trials for each subject (adjusting for the
baseline), for further gathering subjects’ averages and calculating the mean amplitude of

the response (maximus minus minimum value).

--- Insert Figure 2 ---

Secondary outcomes: stimulation modalities.

Motor task: Left hand finger-tapping task (LHFT)

To address the question regarding specificity of the cortical activation upon painful
stimulation, first we strived to clarify whether the cortical signal could belong to a
motor response (i.e. activation of the digital pen marker) and not due to the painful
stimuli. To use a standardized approach, we opted for a finger-tapping task. The left-
hand finger tapping task (LHFT) was combined with a right-hand finger tapping task, to

avoid the effect of conditioning. While sit in a comfortable position, subjects were asked
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to tap their finger over the surface of the chair arm rest, in a specified order: thumb,
middle, pinky, index and ring finger, during 20 seconds (see Figure 1, A). After
allowing several practice trials (as many as needed for the subject to memorize the
sequence), data gathering began. Preceded by 20 seconds of rest (sit, eyes-closed, no
movement), ten periods of task (either right or left hand finger tapping) that lasted 20
seconds, interleaved by 20 seconds of rest, were performed in a previously randomized
order. Subjects were told when to begin and to finish each task and rest period. A
researcher did the respective marks in the NIRScout® for the offline analysis when each

task period began.

Heat-induced pain: Quantitative Sensory Testing

A quantitative sensory testing protocol was used to evoke thermal pain. First, to assess
the heat detection threshold, a Peltier-based device thermode (30x30mm) ® was applied
to the ventral face of the right forearm., which increased temperature at a rate of
1°C/sec, starting at 30°C, to a maximal temperature of 52°C (Figure 1, B). Participants
were asked to press a button in a digital marker pen as soon as they felt the first heat
sensation (heat detection threshold — HDT). The corresponding mark was placed on the
NIRScout® system as soon as the subject pressed the digital marker pen of the Peltier-
based device thermode. After marking, the thermode rapidly reduced the temperature
back to 30°C. A single training session was offered before, so participants could
familiarize with the test. Three measures were taken, with a minimum of 20 seconds’
interval between trials, and although the thermode remained in the ventral face of the
forearm, its position was slightly changed for each trial to avoid response suppression or
cutaneous sensitization of heat nociceptors. Following the same paradigm (one practice

trial, three repetitions), patients were later asked to mark when perceiving the first pain
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sensation (Heat pain detection threshold). The corresponding mark was also placed on
the NIRScout® system. Finally, as a single trial (without practice neither repetitions),
patients were asked to press the digital marker pen when experiencing the maximal heat
perception they could tolerate (Heat tolerance — HT). Mark was also placed on the
NIRScout® as soon as the subject marked the HT on the digital marker pen. For safety
reasons, the Peltier-based device was programed to cool down automatically if 52°C

were reached before the subject pressed the digital marker pen.

Pressure evoked pain: Pressure Pain Threshold (PPT)

Pressure pain threshold (PPT): the PPT was assessed using a digital algometer device
(JTECH Medical Industries, Salt Lake City, UT). The algometer’s 1 cm? hard-rubber
probe was pressed against the right ventral face of the forearm with constant increasing
pressure (Figure 1, C). The procedure stopped as soon as the subject reported the begin
of an uncomfortable painful pressure (when the sensation of pressure changed to one of
pain), and the PPT was recorded. This was repeated three times, with a minimum
interval of 20 seconds inter stimuli. The average of the three measures was calculated

and used as a PPT.

Other instruments and assessments

An independent researcher, trained in questionnaires administration, was responsible for
collecting data using the following instruments. As a screening tools, patients’
depressive symptoms were evaluated using the Beck Depression Inventory 11 ®/, sleep

68

quality symptoms with the Pittsburgh Sleep Quality Index °°, while anxiety

characteristics were assessed with the reduced version of the State-Trait Anxiety
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Inventory (STAI)®. Psychiatric morbidity was screened using the Mini International
Neuropsychiatric Interview (MINI) Brazilian Version °. We used out laboratory
standardized questionnaire to assess demographic data. Quality of life was evaluated
among patients using the Fibromyalgia Impact Questionnaire (FIQ) “*. The worst pain
intensity during the last month (at baseline), and in the last week (for visits 2 and 3) was
asked using a visual analog scale for pain (0 to 10 cm). The VAS scores ranged from no
pain (zero) to worst pain possible (10 cm). The catastrophizing thinking related to pain
was evaluated using the Brazilian Portuguese version of the Catastrophizing Scale (B-

PCS)".

Sample size calculation

Using data extracted from a study exploring the use of fNIRS to detect the cortical
signal after thermal stimulation **, an effect size £~0.28 was estimated. Considering an
alpha error=0.05, beta=0.95, for two groups and three repeated measures, with expected
correlation among repeated measures=0.75, and nonsphericity correction=1, a sample
size of 10 subjects per group was calculated using G*Power, calculation for a-priori
power analysis, using a model of ANOVA for repeated measures, and expecting within-
between comparisons . To increase the experience and understanding of the effect of
the therapy among fibromyalgia patients we opted for recruiting 1.5 times the estimated
required sample of patients, and to account for higher dropouts and loss to follow-up in
this population, an additional recruitment of 20% was calculated. Final sample size
estimated was 18 fibromyalgia patients, and 10 healthy volunteers. Unequal allocation
can be scientifically and ethically advantageous. On one side, a larger sample size in

the active treatment group confers a gain in statistical power for the primary outcome,
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and for monitoring certain adverse events. On the other side, a smaller control sample

reduces the exposure of healthy volunteers to potential adverse events ™.

Randomization, allocation concealment and blinding

Randomization table was generated using the online free tool at

www.sealedenvole.com, using simple randomization. A research assistant not involved

in the present study prepared two plastic pots for each patient, each with the allocated
intervention per the randomization list. The plastic pots were identified with a unique id
and visit number for each subject. After enrollment, researchers asked this research

assistant to provide the plastic pot corresponding to the current id number and visit.

To control for possible measurement bias participants were instructed to discuss all
aspects related to their treatment only with their treating physician (rather than the
research staff). Given that the plastic pots were prepared beforehand, and were identical
(as well as the capsules containing the drug or the placebo), the chances of predicting
the intervention before administration were extremely low. Further, to assess whether
blinding was adequate, at the end of each visit we applied a questionnaire requiring
participants to guess whether they had received pregabalin or placebo, and to rate on a
Likert scale their confidence on the answer (five categories: no confidence to
completely confident). Neither the clinician confirming diagnoses, nor the researchers
applying questionnaires, fNIRS or psychophysical pain tests were aware of the allocated
interventions. Randomization was only open after statistical analyses of the data.
Although clinicians taking care of the patients could ask for opening the randomization

for clinical reasons, it was not requested for any subject.
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Statistical methods

Baseline characteristics of the sample will be first compared using ANOVA (for
continuous variables) or chi-square tests between groups (healthy subjects vs. patients)
and within the randomized intervention (placebo or pregabalin first) to determine
comparability within-between them. Then, to assess the potential existence of a carry-
over effect, psychophysical tests at the end of the experiment (end of visit 2) were
compared using paired t-tests between the randomized allocation (placebo vs.
pregabalin first), stratifying for group (healthy subjects and patients) and adjusting the
statistical significance using Bonferroni’s correction. To study whether the cortical
activation observed upon painful stimulation was due to the nociception and not because
of the activation of the digital pen mark, we compared the amplitudes of the signals
during the psychophysical tests with the one during the LHFT using paired t-tests,
channel by channel, with the corresponding adjustment for multiple comparisons. After
that, primary and secondary outcomes (cortical activation upon stimulation) were
compared within-between groups and randomized intervention using mixed models,
where the amplitude of each channel during an evocative test was modeled as dependent
variable that considered the repeated measures nature of the test (including an
identification variable), while the randomization (pregabalin or placebo) and group
(healthy volunteer or fibromyalgia patient) were used as independent variables.
Bonferroni’s correction was used to adjust for multiple comparisons. Further, to study
the correlation between psychophysical pain tests and the amplitude of the cortical

activation, a spearman correlation analysis was performed.

Results
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Sample characteristics

Participants assessed for eligibility, inclusion and randomization, are presentment in the
flow diagram (Figure 3 A and B Fibromyalgia and Healthy subjects flow diagrams).
Subjects were recruited from May 2014 to January 2016, and stopped when the pre-
specified required sample size was reached. Baseline characteristics of the sample per
the randomization order are presented in table 1. Fibromyalgia and healthy subjects
were comparable, although fibromyalgia patients had higher body mass index, less year
of formal education, and more cases with hypertension. Besides that, as expected,
fibromyalgia patients also screened positive for diverse psychiatric disorders according
to the MINI, and presented higher scores (i.e. more symptomatic) for anxiety, sleep

disturbances, pain catastrophizing, and B-PCP:S scores in all domains.

There was no carry-over effect, as there was no difference in the pain scores (P=0.72),
neither psychophysical pain tests (HDT, P=0.34; HPT, P=0.06, HT, P=0.23; PPT,
P=0.18), when compared within randomization arms. Compared to controls,
fibromyalgia patients demonstrated higher pain scores in the VAS, higher HDT, and
lower pressure pain thresholds (PPT). The groups presented comparable HDT, HPT and
HT. Neither pregabalin or placebo altered any of the psychophysical pain tests (table 2).

Regional cortical activation was inferred from the relative changes in [HbO] assessed by
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fNIRS. The normalized amplitude of the hemodynamic response (maximum minus
minimum value adjusted for the mean within the temporal window assessed) was

calculated for each channel and test, as described in the methods section.

Is the cortical activation the same for motor task and nociception? Testing the
somatosensory cortex activation upon different stimulation modalities: motor task vs.

heat and pressure.

To address whether the cortical activation during nociceptive stimulation differed to the
one during the use of the digital pen mark, we compared the psychophysical tests’ signal
with the one of a left-hand finger tapping task (LHFT) (table 3, Supplementary Figure 1,

parts A, B and C). Heat detection threshold: The amplitude of the signal during the HDT

was not different to the one of the LHFT among controls, at any assessment time. On
the counter side, the activation during HDT among patients with fibromyalgia had lower
amplitude than the activation during LHFT in the baseline in the precentral, postcentral,
and middle frontal gyrus (Ch 2, 6, 10). These differences were no longer observed after

placebo or pregabalin. Heat Pain Threshold: During HPT, healthy subjects’ activation

was of smaller amplitude than during LHFT in the precentral and middle frontal gyrus
in baseline (Ch 6), and after placebo (Ch 5). For patients, significant differences were
observed in the precentral and middle frontal gyrus (Ch 2, 6) during HPT at baseline and

after pregabalin, but not after placebo. Heat tolerance: During HT, healthy subjects

showed differences in baseline and placebo in the precentral gyrus (Ch 2, 5) (p=0.032),

and after pregabalin in a wider area, expanding from the precentral, to the postcentral
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and inferior parietal gyri (Ch 5, 8, 9, 10). Still, at baseline, patients presented smaller
amplitudes during HT in the superior frontal, precentral and postcentral gyri (Ch 1, 2,

3), and after pregabalin in precentral and postcentral gyri (Ch 3, 6), but not after

placebo. Pressure Pain Threshold: Among healthy subjects the cortical activation during
PPT was smaller in the precentral, postcentral and inferior parietal gyri than during
LHFT after receiving placebo and pregabalin (Ch 7 and 6, respectively). However, the
amplitude of the activation was not different among patients at any assessment time.
Having shown that the amplitude of the activation due to nociceptive stimuli differed to
the one of a LHFT in some regions, and was influenced by the experimental
interventions, we proceed to study the amplitudes during the psychophysical tests,

themselves.

---- Insert Table 3 ---

Does the somatosensory cortex activation differ between fibromyalgia patients and
healthy subjects? Differences in the activation upon stimulation modalities between

groups, and their modulation by pregabalin

The amplitude of the cortical activation upon each psychophysical pain test were

compared between patients and healthy subjects, for the intervention. Heat detection

threshold: The activation during the HDT was greater in healthy subjects than in
fibromyalgia patients at baseline (but not after the interventions), in almost all the areas
assessed (Ch 1, 2, 3, 4, 8, 9, 10) (mean differences= 16.97, p=0.005; 11.59, p=0.025;
12.33, p=0.047; 15.93, p=0.011; 11.94, p=0.027; 11.73, p=0.031; 17.49, p=0.01,

respectively). Heat pain threshold: HPT induced higher amplitude of the signal among
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healthy subjects in the baseline (but not after the interventions), particularly in the pre-
and postcentral gyri (Ch 3 5 9 10; mean differences= 16.97, p=0.04; 15.51, p=0.04;

11.20, p=0.038; 18.61, p=0.042; respectively). Heat Tolerance: Cortical activity did not

differ between patients and controls at any assessment time. Pressure Pain Threshold:

Cortical activation did not differ between patients and controls during baseline nor
placebo, but pregabalin increased the difference in the amplitude of the signals among
patients in postcentral gyrus (Ch 5 6, 9) (mean difference=27.3, p=0.034; 30.58, p=0.01,;

40.08, p=0.003).

--- Insert Figure 4 ---

Was the response to pregabalin the same among fibromyalgia patients and healthy

subjects?

The amplitude of the cortical activation upon psychophysical pain test were compared
by intervention (i.e. baseline, placebo and pregabalin) within subjects, stratifying for

patients and healthy subjects. Healthy subjects: During the HDT and the_HT the

amplitudes of the activation did not differ by intervention. Now, the HPT cortical
activation reduced after pregabalin in the pre- and postcentral giry (Ch 10, mean
difference -36.37, p=0.001). Further, the PPT-induced signal was also reduced by
pregabalin when compared to baseline in virtually all the cortical areas assessed (Ch 3,
4,5, 6, 8,9, 10; mean differences 32.79, p=0.012; 24.19, p=0.038; 42.10, p=0.001;

53.57, p<0.0001; 29.22, p=0.04; 53.40, p<0.0001; 36.54, p=0.033; respectively).

Fibromyalgia patients: Compared to baseline, pregabalin increased the cortical

activation during HDT on the pre- and postcentral gyri (Ch 2, 3, 7; mean differences=

15.35, p=0.003; 15.69, p=0.007; and 12.29, p=0.013, respectively), and placebo did not.
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Now, the amplitude of the activation did not change with the interventions upon HPT,

HT, or PPT.

Were the psychophysical pain tests correlated to the amplitude of the cortical

activation?

Having demonstrated that the amplitudes of the cortical activation differed between
psychophysical tests and a motor task, for both patients and healthy subjects, we
explored its potential correlation with the results of the psychophysical pain tests (Table

4).

Healthy subjects: the HDT only had a strong inverse correlation with the amplitude of

the cortical activation in the postcentral gyrus after pregabalin (Ch 8, 9; rs =-0.81,
p<0.001; rs =-0.83, p=0.01, respectively). HPT showed a strong correlation with the
precentral gyrus (Ch 2; rs=0.712, p=0.03) at baseline. After pregabalin, the strong
correlation expanded to the postcentral gyrus, too (Ch 3, 8; r:=0.778, p=0.039; r=0.821,
p=0.023). HT had a strong correlation with the pre- and postcentral gyri activation (Ch
2, 3,8, 10, rs=0.875, p=0.001; rs=0.687, p=0.028; rs=0.687, p=0.028; rs=0.644; p=0.044,
respectively), which remained after placebo (Ch 3; rs=0.719, p=0.045) and pregabalin
(Ch 2, 9; rs=-0.775, p=0.041; 0.786, p=0.036, respectively) in a smaller, more
concentrated area towards postcentral gyrus. PPT at baseline was strongly correlated
with the precentral gyrus (Ch 1, 3; in the baseline (rs=0.732, p=0.039; rs=0.766,
p=0.027, respectively), but changed direction of the association after pregabalin (Ch 3;

rs=-0.786, p=0.036).

Fibromyalgia patients: HDT activation only had a moderate correlation with cortical

activation after pregabalin in the postcentral gyrus (Ch 9, rs =-0.55, p=0.04). HPT was



73

moderately correlated with the precentral gyrus at baseline (Ch 1, 2; rs=-0.552, p=0.033;
rs=-0.545, p=0.036, respectively), and after pregabalin (Ch 1; rs=-0.52, p=0.047). HT
had inverse and strong correlation after placebo in the middle frontal / precental gyri
(Ch 4, 6; rs=-0.645, p=0.032; rs=-0.655, p=0.029, respectively). PPT: was correlated to
the middle frontal and precentral gyri (Ch 4, 6, 10; rs=0.673, p=0.025; r=0.697,

p=0.033; 0.673, p=0.033, respectively) after placebo only.

--- Insert Table 4 ---

Adverse effects

All the adverse effects observed were transient, lasting less than 12 hours, and resulted
in no permanent harm. Placebo: headache, three subjects reported mild headache, and
five with moderate. Somnolence, eight mild somnolence, five moderate, three severe.
Dizziness: one mild and one moderate intensity. Others: one subject referred “feeling
drunk-like”, one with flares, and one with mild nausea. Pregabalin: headache, four
subjects referred mild headache, and one moderate headache. Somnolence: five mild
somnolence, ten moderate, nine severe. Dizziness: three mild, five moderate, two with
severe intensity. Others: five with mild dry mouth, four with nausea, one with severe

vomiting, and one with blurry vision.

Blinding

In both, fibromyalgia and healthy subjects, pregabalin induced significantly more

sedation than placebo (mean difference=1.48, SEM=0.69, P=0.033 for healthy subjects;
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mean difference=3.14, SEM=0.53, P<0.0001 for patients). Testing blinding among
patients, an effect of the sequence allocated (pregabalin or placebo first), had a
significant effect. Although those randomized to receive pregabalin first guessed better
the intervention received (chi-square, P=0.002), about half of them had declared not
knowing what they had receive. On the other hand, those randomized to receive placebo
first were unable to guess the intervention (chi-square, P=0.193), and about three

quarters of them declared not knowing what they had receive.

Discussion

After corroborating that it is possible to detect the sensorimotor cortical activation due
to different modalities of nociception and motor tasks using fNIRS in healthy subjects
and in fibromyalgia, we showed how it correlates to psychophysical pain testing, and
how it is modulated by a single dose of pregabalin. Apart from the study ', that
addressed PPT and fNIRS without studying its response to treatment, to the best of our
knowledge, the present is the first report exploring the cortical activation to different
nociceptive modalities using fNIRS in patients with fibromyalgia, and its response to a

pharmacological intervention.

Heat Detection Threshold

Psychophysical pain testing should be interpreted considering the underlying processes
involved. In our protocol, temperature was increased at a rate of 1 °C/sec to assess the
HDT, which is considered to activate preferentially C fibers when used to achieve sub-
threshold limits. This type of unmyelinated, multimodal, small diameter, low-threshold,

slow conduction fibers, are responsible for the dull, badly-localized, “secondary pain”
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> In our experiment, the activation during HDT recruited a wide area that was

comparable to the LHFT among healthy subjects, and that remained unchanged after the
interventions, thus, confirming that actual cortical activation was detected. The
relatively ample area of activation evoked by the HDT is in accordance with the dull,

poorly localized thermal perception referred after activation of C-fibers.

When compared to healthy subjects, the HDT evoked smaller activation amplitudes in
all the assessed areas in fibromyalgia patients, with accentuated differences in the
middle frontal, pre- and post-central gyri. From the psychophysical perspective, there
was a higher detection threshold among fibromyalgia, too. The smaller activation area
together with a higher threshold can be interpreted as reduced nociceptive input from
the periphery (neuropathy, to some extent), which is agreement with the reported small
fiber abnormalities in patients with fibromyalgia ’. Further, the accentuated differences
in the middle frontal gyrus can be attributed to the already documented increased

activation in this area, associated with the anticipation of pain .

This pattern of
cortical activation in fibromyalgia was modulated (increased) by a single dose of
pregabalin, and expanded to the inferior parietal gyrus. Our finding is consistent with a
previous report ™ that used fMRI to study the effects of the clinical use of pregabalin in
patients with fibromyalgia using PPT, in which the drug increased activation in the
thalamus, postcentral, calcarine, middle frontal, and middle cingulate gyri, and in the
inferior parietal lobe, precuneous and insula. However, in our study, although the
amplitude of the cortical activation using fNIRS was not associated with the HDT at
baseline, after receiving pregabalin patients and healthy subjects presented an inverse
correlation between the HDT and the activation in the postcentral gyrus, which could be

attributed to an increased activation induced by the pregabalin, as had been also

observed by other authors before '*. Although the effect of pregabalin was not enough to
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induce statistically significant changes in the psychophysical pain tests, a functional
cortical change occurred in areas related to pain perception (e.g. inferior parietal gyrus),

which has been associated with catastrophizing thinking in fibromyalgia .

Heat Pain Threshold

In both groups (patients and healthy subjects), the HPT induced smaller activation than
the LHFT that was more evident in the middle frontal, pre- and post-central gyri, and
tended to remain unaltered after the interventions. The reduced activation area could be
explained if considering that increasing temperatures tend to stimulate lightly
myelinated A-d fibers, whose threshold usually lays around 43°C, and correspond to a
more localized, “faster” and acute pain "®. When compared to healthy subjects, like the
phenomena observed with HDT, the HPT-induced activation had smaller amplitude in
fibromyalgia, but in the HPT tended to remain unchanged after pregabalin. Our finding
is line with the demonstrated reduction in intraepidermal innervation and regeneration
sparing myelinated nerve fibers in patients with fiboromyalgia %, in which even having
less fibers, the HPT also did not differ to their controls (healthy and depressed). Thus,
the reduced activation could be associated with the also reduced nociceptive small-

medium fibers innervation in fibromyalgia.

Among the healthy, the HPT was directly correlated with the amplitude of the activation
in the postcentral gyrus, which is consistent with the known sensory function of the Si
area. Such correlation expanded to the inferior parietal gyrus after pregabalin.

Fibromyalgia patients presented a different pattern, having inverse correlation
between HPT and the superior frontal and precentral gyri, remaining unchanged after

the intervention. Such pattern could be interpreted as the weight of the cognitive and
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inhibitory modulation in the assessed pain threshold, in the sense that lower thresholds
(“more sensitive patients”) would have higher frontal activation, as this area is related to
different pain modulation elements, such as anticipation, and triggering of the

descending inhibitory pain modulation system ©

, Which is currently considered as
relevant part of the pathophysiology of fibromyalgia. As the areas activated during the
HPT are related to such relevant systems for the pathophysiology of the disease, it is
understandable that big changes did not occur with the dosage of pregabalin that we

used.

Heat Tolerance

The HT also activates C and A-8 fibers because of the heating speed . In our
experiment, like the HPT, the HT also induced smaller amplitudes of activation
compared to the LHFT in both, healthy and fibromyalgia, in the pre- and post-central
gyri (sensorimotor area). Once more, the pregabalin extended the difference in the
activation area compared to the LHFT to the middle frontal gyrus in fibromyalgia. In
our sample, we observed a similar phenomenon as the one observed in another study %,
were HT did not differ between samples and controls. Even so, the HT correlated
directly with the amplitude of the activation in the pre- and postcentral gyri among the
healthy. In fibromyalgia, the HT was inversely correlated to the middle frontal and
precentral gyri activation, though. This finding supports the growing body of evidence
showing the relevance of the frontal areas in the altered cognitive pain processing in
fibromyalgia ®, which is also accompanied by the S2 disinhibition that is associated

with the central sensitization 2°.
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The PPT only presented differences with the LHFT among healthy volunteers, evoking
smaller amplitude of the activation after placebo and after pregabalin in the middle
frontal, precentral and postcentral gyri. The activation during PPT did not differ
between patients and healthy subjects in baseline or after placebo, but pregabalin did
reduce the amplitude of the signal among the healthy in the same areas, extending its
effect to the postcentral gyrus, too, but with little effect among fibromyalgia patients.
Further, the inferences of the PPT correlation with these areas was limited by the
borderline statistical significance. Although the reduced tolerance to pressure among
fibromyalgia patients is a salient feature of the disease, the brain activity alterations
seem to lay in subcortical areas, which limits the ability of fNIRS to detect them. A
proton magnetic resonance spectroscopy (H-MRS) study showed that levels of
glutamate and glutamine in the right posterior insula were elevated among patients with
fibromyalgia when compared to healthy volunteers . Classical studies showing altered
cortical activation used supra-threshold stimuli to elicit such response, which explains
de divergence with our results, as we assessed the first pain sensation (i.e. pain
threshold), only "®. Thus, to use fNIRS to study the activation during pressure pain,

future studies should strongly consider using supra-threshold stimuli.

Limitations

Our study should be interpreted with consideration of its limitations. Fibromyalgia
patients probably have multiple dysfunctional neuronal circuits where the defective pain
modulatory function stands out. Given that pregabalin is a ligand to the alpha-2-delta

subunit on voltage-gated calcium channels; it reduces calcium influx at nerve terminals
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resulting in a decreased release of several neurotransmitters, like glutamate,
norepinephrine, and substance P. (Micheva KD, et al., 2003; Spaeth M 2008). Because
voltage-gated calcium channels are not exclusive of the neuronal terminals, a potential
effect on astroglia, that could also modulate neurovascular coupling and consequently
mislead fNIRS inferences could hypothetically exist. Nevertheless, as we have
comparisons with baseline and controls, and our observations agree with other authors
experiments, if is such effect exist, it is would be of minor relevance in the present

report.

Although in agreement with some scientific literature, the fact that we could not
demonstrate the increased activation induced by pregabalin in fibromyalgia for all the
psychophysical tests, but for the HDT only, could not only be related with the disease,
but also be a consequence of the dosage used. In the fMRI reports studying the effects
of pregabalin on fibromyalgia, the dosages were superior, and lasted longer than ours
1479 Nevertheless, as previously exposed, exposing healthy volunteers to higher doses

of pregabalin and for longer periods of time would be ethically reprehensible, and could

seriously compromise blinding.

It is worth noting that the non-parametric approach employed for analyzing fNIRS
curves has the limitation of not addressing the contour of the curves, neither the latency
of the response, which are relevant parameters when trying to discriminate the nature of
the activation, in other words, when searching for “brain activation signatures” of pain,
as other authors have previously addressed *>*°%**%Also, although fNIRS offers an
approximate anatomical correlate, it is worth noting that the channels are created by
combining sources and light detectors placed about 3 cm apart, thus the cortical areas

activity that is inferred has a modest spatial resolution (1 to 3 cm?)®. Thus, the reader
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must remind that the areas where significant activation was detected, are educated

approximations of the underlying cortical processing.

Conclusions

The psychophysical pain testing profile of fiboromyalgia has a cortical correlate that is
supported by its probable underlying pathophysiological mechanisms. The subtle but
characteristic alterations in tests assessing small fibers with below-threshold stimulation
support its probable peripheral neuropathic component. Such trait was accompanied by
an activation that is decreased in sensorimotor areas but increased in pain-related
cognitive processing cortexes, and whose activity is increased by pregabalin. When
facing stronger stimulation, fibromyalgia patients also recruited more areas related to
pain cognitive processing, having higher activation among those with reduced tolerance,
which is a characteristic that speaks in favor of a component of central sensitization in
fibromyalgia, and which is poorly modulated by the doses of pregabalin that we used.
Taken together, these findings support the co-existence of both, peripheral and central

alterations in fibromyalgia.

Future directions

Due to its versatility, relative low cost and portability, the fNIRS has great potential to
enter clinical grounds and change the way it is understood and practiced. As shown
here, fNIRS in combination with other techniques to assess human physiology, has the
potential to improve the understanding of pathophysiological mechanisms. Also,
cortical activity in response to certain stimuli could potentially be used as ancillary

marker for nociception and pain processing in the future. Because of the traditional type
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of fNIRS analysis using parametrical models, applying its inferences to the single
subject would not be suitable. However, using non-parametrical analyses that compare
against the subject itself, could prove usefulness in the future, for both diagnostic and
follow-up purposes, as well as to identify potential responders to therapy. Also, they
could be used to test the nociceptive system response to a single intervention (non-
invasive brain stimulation, for instance), as an effort to study the odds to response or not

to a given intervention.
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TABLES

Table 1. Characteristics of the sample. Data are presented as mean + SD or frequency
(n=27).

Variable Healhty subjects (n=10) Fibromyalgia (n=17)
Placebo First Pregabalin Placebo First Pregabalin First
(n=3) First (n=7) (n=9) (n=8)

Age 43.00£14.73*  44.00 £7.79% 51.56 +8.25° 49.38+9.71°

Body Mass Index (Kg/m?) 27.80+3.62%  22.85+3.08%  31.09+6.58° 31.55+8.48 ¢

Retired (yes/no) 0/3% 0/78 4/5% 3/5°

Civil status
Single / lives alone (yes/no) 1/2 0/7 1/8 0/8
Married (yes/no) 2/1 7/0 4/5 6/2
Stable relationship (yes/no) 0/3 0/7 4/5 2/6

Years of formal education 15.00+¢3.61°°  18.29+2.98*¢  11.00+3.87"¢ 9.00+3.70"¢

Smoking (yes/no) 1/2% 2/5% 7128 5/3%

Hypertension (yes/no) 0/33° 0/7° 6/3¢ 4/4°

Diabetes (yes/no) 0/32 0/7°2 0/9* 172

Number of months dealing with continuous pain 158.67+78.41°  145.50+118.21°¢

Psychoactive drugs in regular use**

Amitriptyline 4 2
SSRI 5 3
Benzodiazepine 1 1
Antoconvulsant (non-gabapentinoids) 1 0
Dual antidepressant 0 1

Psychiatric Diagnosis according to the MINI***

Major Depression Disorder - Current (yes/no) 5/4 3/5
Major Depression Disorder - Past (yes/no) 3/6 2/6
Melancolic Depression (yes/no) 5/4 2/6
Bipolar Mood Disorder - Type | (yes/no) 0/9 3/5
Bipolar Mood Disorder - Type 1l (yes/no) 217 0/8
Hypomaniac episode - Past (yes/no) 4/5 0/8
Maniac episode - Current (yes/no) 217 17
Maniac episode - Past (yes/no) 217 2/6
Panic disorder without agoraphobia (yes/no) 217 2/6
Panic disorder with agoraphobia (yes/no) 217 17
Obsessive Compulsive Disorder (yes/no) 1/8 0/8
Post-traumatic Stress Disorder (yes/no) 217 0/8
Substances abuse disorder (including alcohol) 0/9 0/8
Generalized Anxiety Disorder (yes/no) 3/6 17
Suicidal Risk (yes/no) 5/4 17

Low 217 17
Moderate 0/9 0/8

High 3/6 0/8



Fibromyalgia Impact Questionnaire.

State Anxiety (State-Trait Anxiety Inventory) 17.67+8.08°
Trait-Anxiety (State-Trait Anxiety Inventory) 16.67+5.68*°
Pittsburgh Sleep Quality Index 4.00+2.00%

Beck Depression Inventory (BDI) 1l 7.00 (12.12%

Worst pain during the last month (VAS-10cm)
B-PCP:S, Brazilian Portuguese Profile for Chronic Pain: Screen
Brazilian Portuguese Pain Catatrophizing Scale (BP-PCS)

18.00+3.782
16.71+2.49°
4.29+2.81°%
2.43+3.04%

27.5646.22°
29.11+9.58"°
10.44+4.47°
23.67+15.29°
8.00+1.95"°

33.56+13.86°

95

27.00+4.53°
29.63%6.80"
15.00+4.07°
27.38+10.11°
7.85+1.60°"

34.25+10.54°

* Significant difference at two-tailed alpha=0.05.

Different letters denote significant differences after adjusting for multiple comparisons.

** Patients could be using more than one drug at the same time.
*** Patients could have more than one disorder at the same time.

Abbreviations. MINI, Mini Neuropsychiatric Interview. SSRI, Selective Serotonin Reuptake Inhibitor.

PSQI, Pittsburgh Sleep Quality Index. BDI Il, Beck Depression Inventory Il. VAS, Visual Analog Scale.

B-PCP:S, Brazilian Portuguese Profile for Chronic Pain: Screen. FIQ, Fibromyalgia Impact

Questionnaire.
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Table 2. Psychophysical pain testing by group and intervention. Data area presented as mean

(SD) (n=27).
Healhty subjects (n=10) Fibromyalgia (n=17)

Baseline Placebo Pregabalin Baseline Placebo Pregabalin
VAS for pain (cm) 0.08+0.14 0.16+0.31 0.48+£1.24 4.55+2.38 4.13+2.38 3.98+2.62
Heat Detection Threshold
(°C) 33.33+0.85° 33.55+1.44 3455+3.70 35.53+3.22° 35044373 35.14+3.38
Heat Pain Threshold (°C) 42.51+3.92  43.09+3.24  42.45+4.07 42.28+4.32 41.00+4.83 41.77+4.50
Heat Tolerance (°C) 48.74+1.93  48.60+2.06 48.15+1.09  46.93£3.79 45.66+4.51 46.04+4.83
Pressure Pain Threshold
(kglem?) 4.32+145°  4.48+2.09°  455+165°  2.44+1.08° 2.29+1.11° 2.63+1.16°

Different letters denote significant differences after adjusting for multiple comparisons.
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Table 3. Differences in the amplitude of the cortical activation during psychophysical pain

testing and the LHFT. Data are presented as mean difference (test amplitude — LHFT amplitude)

+ SD (n=27).
Healthy subjects (n=10) Fibromyalgia (n=17)
Channe
Baseline Placebo Pregabalin Baseline Placebo Pregabalin
Heat Detection Threshold
1 9.14439.30 -6.04+48.32 -5.65+59.08 -16.04+44.03* -6.90+60.79 -8.27+61.23
2 -0.39+45.22 3.24+68.67 -4.22+37.68 -17.82+£32.76***  -12.10+62.16 -5.99+37.57
3 -7.99+60.41 4.84+52.93 -12.90+37.03 -15.45+41.15* -1.12+53.75 -4.24+39.86
4 0.16+58.02 1.18458.57 -10.21+43.86 -15.62+39.91* -10.32454.03 -11.66+39.20
5 -14.04+£72.04 -14.84+59.56 8.87+£57.13 -14.95+36.64* 1.05+51.56 -7.69+35.39
6 -20.30£60.71 0.83+44.94 -17.33+43.02 -14.81+25.48*** -7.33+48.37 -12.40£31.31*
! -1.34+31.02 -18.41+68.05 -6.72+40.52 -12.72+£32.01* ) -2.58+35.34
15.03+45.93*
8 2.30£49.04 -9.87+52.80 -13.11+£38.31 -14.89+£36.51* -10.50£62.75 -5.31+38.98
9 -5.91+47.92 4.31+38.99 -4.97+33.59 -11.65+28.31* -4.66+41.43 -3.03+36.17
10 -5.39+67.71 3.61+38.96 -6.73+39.48 -16.56£33.16***  -11.45+53.64 -8.08+31.11
Heat Pain Threshold
1 -2.88+36.48 -11.01+53.63 -33.98+76.92 -7.57+48.11 -0.56+46.89 -15.55+49.45*
2 -6.33+45.60 -4.31+58.80 -6.89+37.27 -13.17+37.83* -0.60+53.94 ]
16.71+£37.63***
1.35+58.60 -7.74+32.30 -8.99+42.65 -15.57+42.35* 2.34+47.96 -16.54+46.09*
‘ -4.81+49.95 -13.12456.75 -16.08+£62.69 -14.31+41.27* ) -14.41+38.06*
11.80+33.92*
5 -12.66+54.49  -15.02+36.62* -2.10+74.65 -16.91+41.91** 0.68+49.03 -15.68+41.66*
o -20.194£50.87* -8.22+36.00 -6.63+65.24 -14.88+28.19*** -9.56+43.58 ]
15.90£36.53***
7 -2.04+54.64 -0.87+53.79 -6.65+30.38 -4.68+35.99 -4.97+34.24 -8.39+30.18
8 -4.19+48.69 -24.76+79.59 -14.60+47.29 -8.61+38.70 -5.55+48.73 -13.78+39.16
9 -4.38+39.21 -6.11+38.42 -5.82+46.42 -9.57+33.61 2.91+43.42 -7.00+36.51*
10 -0.09+64.41 -4.20+48.90 -14.47450.47 -10.35£33.27* -12.72+44.67 -10.48+46.55
Heat Tolerance
1 -21.17428.24*  -9.66+47.26 -8.50+35.93 -38.51+37.61***  -4.94+81.06 -16.62+43.72
2 -3.60+81.58 4.77+65.98 -15.24+35.76 -29.224+44.74** -22.94+95.68 -16.61+25.42
3 -26.52+44.69 -15.69+33.78 -22.24+46.50 -31.11438.23** -3.23+56.45 -22.52+23.99*
4 -17.30+42.22 17.47+53.38 -11.63+15.95 -20.17+44.21 -9.21+57.74 -22.94+35.44
5 -25.07£56.88  -28.64+29.93* -25.85+20.83* -5.59+46.59 -17.16+66.06 -18.14+29.81
o -19.35+44.08 -0.062+40.83 -17.55+46.83 0.47+£38.71 -8.53+51.94 )
29.19424.32%**
7 13.394£84.12 7.90£30.29 -21.16£33.79 -6.07+58.15 -6.16+90.44 -1.76+32.58
8 2.59+48.56 -24.67£30.82  -42.09£24.62*** -16.59+59.28 -16.96x76.03 -3.48+25.81
9 -9.91+47.99 -8.10£31.92  -23.04+14.47*** 4.46+56.09 3.62453.23 -3.42+24.36
10 -3.93+42.05 -0.41+38.12 -18.37£19.27* 10.86+71.40 -10.72+52.62 -6.73+29.56
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Pressure Pain Threshold

1 -2.83+51.06 -35.25493.11 8.31+86.88 -7.14+51.84 10.54+78.71 -13.86+67.46
2 -17.45+66.19  -29.79+74.64 -14.56+91.88 -13.96+43.52 -0.81+62.07 -13.10+61.92
3 -1.81+60.91 -30.22+61.36 -20.43+88.54 -10.78+51.76 10.10+64.64 -12.42+98.54
4 -14.75+47.35  -13.50+55.53 -33.05+80.30 -16.49+76.23 12.10+73.77 -14.46+67.26
5 -15.60+74.40  -25.82+53.06 -32.22+101.99 -11.56+52.49 8.78+59.12 -7.74+107.27
6 -18.79+66.06  -16.41+32.11 -52.75+107.99 -6.21+55.74 6.49+58.10 -16.45+60.81
7 -7.46+54.72 -21.08+51.08 -12.02+82.92* -6.80+44.32 -8.30+51.29 -9.59+75.99

8 -3.03£65.85  -34.54+61.14* -34.42+88.57 -11.04+51.46 6.05+82.14 -14.06+113.45
9 -2.05+54.60 -4.88+26.53 -36.67+84.73 -11.26+52.58 4.97+51.02 -6.57+81.41

10 -4.99+77.63 1.11+32.42 -42.87+100.34 1.37+72.41 -4.78+53.35 -18.03+68.51

* Significant difference at two-tailed alpha=0.05, ** at two-tailed alpha=0.01. *** at two-tailed

alpha=0.005.
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Table 4. Correlation between psychophysical pain testing and amplitude of the

hemodynamic response

Healthy subjects (n=10)

Fibromyalgia (n=17)

Channel Baseline Placebo  Pregabalin  Baseline Placebo  Pregabalin
Heat Detection Threshold
1 -0.438 -0.593 -0.683 -0.474 0.291 0.254
2 -0.635 0.054 -0.342 -0.398 -0.126 -0.042
3 -0.200 -0.074 -0.304 -0.457 0.051 0.011
4 -0.600 -0.607 -0.381 -0.294 0.086 0.254
5 -0.450 -0.429 -0.238 -0.129 0.119 -0.360
6 -0.633 -0.429 -0.690 -0.059 -0.053 0.024
7 -0.653 0.185 -0.190 -0.380 -0.427 -0.236
8 -0.400 0.054 -0.144 -0.284 -0.361 -0.810™
9 -0.017 -0.179 -0.833" 0.296 -0.029 -0.554"
10 0.000 -0.072 -0.429 -0.364 -0.515 -0.174
Heat Pain Threshold
1 0.183 0.237 0.523 -0.552" -0.345 -0.520"
2 0.712" 0.050 0.468 -0.545" -0.051 -0.314
3 0.200 -0.134 0.778" -0.368 -0.020 -0.172
4 0.400 0.033 0.536 0.134 -0.095 -0.238
5 0.267 0.167 0.429 -0.064 0.187 -0.080
6 0.000 -0.283 0.613 -0.246 -0.367 -0.256
7 0.293 -0.167 0.357 0.125 -0.053 -0.124
8 0.150 -0.367 0.821" -0.152 0.106 -0.286
9 0.317 -0.133 0.607 -0.407 0.297 0.145
10 0.300 -0.283 -0.107 0.196 -0.323 -0.025
Heat Tolerance
1 0.486 -0.012 -0.482 0.386 -0.582 0.164
2 0.875" 0.024 -0.775" 0.408 -0.473 0.370
3 0.687" 0.719° 0.090 0.064 -0.373 0.200
4 0.559 0.071 0.036 0.236 -0.645" -0.042
5 0.529 0.548 0.286 0.043 -0.518 0.479
6 0.109 0.429 -0.143 0.079 -0.655" 0.224
7 0.578 0.263 0.036 0.259 -0.509 0.492
8 0.687" 0.333 0.571 -0.080 -0.527 0.285
9 0.419 0.690 0.786" 0.182 -0.373 0.188
10 0.644" 0.310 0.107 0.121 -0.127 0.261
Pressure Pain Threshold
1 0.732" -0.359 0.214 -0.102 0.430 0.308
2 0.143 -0.103 -0.500 -0.003 0.152 -0.095
3 0.766" -0.103 -0.786" 0.143 0.539 0.130
4 0.238 0.100 -0.571 0.341 0.697" 0.182
5 0.381 0.400 -0.536 0.313 0.188 0.134
6 0.000 0.000 -0.179 0.286 0.673" 0.134
7 0.000 -0.100 -0.541 -0.011 0.091 0.218
8 0.643 -0.700 -0.464 0.000 0.236 0.284
9 0.476 0.100 -0.679 -0.016 0.442 0.165
10 0.476 0.500 -0.321 0.027 0.673" -0.455

* Significant difference at two-tailed alpha=0.05, ** at two-tailed alpha=0.01, *** at

two-tailed alpha=0.005.
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Figure 1. Experimental cross-over design visits.
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representation of the fingers’ movement order for the left-hand finger-tapping task
(LHFT); right-side: the boxcar paradigm of the finger-tapping task, with order of right
(R) and left (L) hand task randomized. Vignette B, left-side: Peltier-based device
thermode placed over the right forearm volar face; right-side: representation of the
temperature changes according to the psychophysical test. Vignette C, left-side:
Pressure Pain digital algometer; right-side: oxygenated hemoglobin changes during the
task. Note that for both thermal and pressure stimulation the duration of the stimuli
varies according the patients’ response.  Abbreviations: STAI, state-trait anxiety
inventory; PSQI, Pittsburgh sleep quality index; BDI Il, Beck depression inventory;
VAS, visual analog scale; B-PCS:S, Brazilian Portuguese profile for chronic pain
screening; FIQ, fibromyalgia impact questionnaire; fNIRS, functional near infra-red
spectroscopy; LHFT, left hand finger tapping task; HDT, heat detection threshold; HPT,
heat pain threshold; HT, heat tolerance; PPT, pressure pain detection threshold; MINI,

mini neuropsychiatric interview.
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Figure 2. Experimental probes montage.
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Figure 3. Patients flow chart according to the CONSORT statement.
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Figure 4. Relative changes of oxygenated hemoglobin after psychophysical pain
testing in channels 5 6 9 and 10.
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SUPPLEMENTARY MATERIAL

Appendix 1. Cortical activation upon psychophysical pain testing.

'500'0=eYd|E P3|1E3-0MI 3E ... PUE T O=BYd|e p3|IE}-0M)
oiyudis , -s1se1 usamiag AMea Aew sweyswi] suosiedwod 31en (1264 01 (1ejow ) 3FUEYD UOITEIIUSIUOD UIGO[SOLUSY SM1E|3] ‘B ]BIS

-
- o % & =+
- T Tz === =
2ouela|o) 188H ploysadyl uied 18aH ploysa4yl w0331 18aH

‘uljeqgedalg "0 "0gaoe|d "g sulaseq 'y BuddepsBuly pueyysisuieBe suosuedwon “Bunssiuied jexshydoyaisd uod:



106

*500°‘0=eyd|e pa|le1-0Mml 18 .. PUE T0'0=eyd|e pajIel-oml 1e ‘Uoneaae SuiddepsBul puel
eadewawenswi] suosuedwod 31e|i2e) 03 (Jejow) aFueyd uoijesuaosuod ugo|Soway anle|al ‘B|eds sixe-A Swes sy} a1eys (sou

HH i
JR— J— - vamm
— - m— e
Ty ....ﬁ..__q... e e -k

it o ¢
Hy i H “

H v

& r— Hm — o o r— F P

3Juel3|0L 183H ploysaiyluled 1e3H Ploysa1yL UonD313d 183H



107

*500°0=eyd|e pa|1e1-0M1 1€ ... PUE TO'0=EYd|E p3|IE3-0Mm11e ‘UolieAlde BuddensBuly puey
eafew swelswI] “suosiedwod 3181984 01 (Jejow ) S8UBYD UOITEIIUSIUOD LIGO|B0LUSY SAITE|) ‘58S sIXe-A Swes 3yl a4eys (soue

20UEI3|0L 183H PIoYsaIYL UIed 1e3H PIoYs31yL uo1d312d 183H



108

CAPITULO V - CONSIDERAGOES FINAIS E PERSPECTIVAS
FUTURAS

1. CONSIDERACOES FINAIS

Os resultados obtidos com esta tese de doutorado permitem emitir as seguintes

conclusoes:

e As caracteristicas da resposta a estimulos doloros padronizados em pacientes com
fibromialgia apresentam uma correlagcdo com a atividade cortical motora, somatica e
sensitiva, que é consistente com 0s mecanismos patofisiolégicos mais aceitos para
entender esta doenca.

e Por um lado, a apresentacdo de alteracdes sutis nos testes psicofisicos da dor,
reforgcam as hipoteses que explicam o quadro clinico da doenca e sua resposta as
terapias, por mecanismos associados a neuropatia periférica. Esta caracteristica, foi
acompanhada por diminuicdo na ativacao de areas sensitivas e motoras, e aumento
nas areas relacionadaso ao processamento cognitivo do impulso nociceptivo, sendo
ésta modulada (no sentido de aumentar ativacao) pela pregabalina.

e Pacientes fibromialgias apresentam maior recrutamento de areas corticais
responsaveis pelo processamento cognitivo do estimulo, em resposta a eventos
nociceptivos de maior amplitude. De maneira consistente, o limiar de tolerancia esta
correlacionado de forma inversa com a ativagao, em outras palavras, as pacientes
menos tolerantes (mais sensiveis) apresentam maior ativagéo cortical. Estes achados
reforcam a presenca de mecanimos de sensibilizacdo ao nivel de sistema nervoso

central (encéfalo) na doenca.
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¢ Na dosagem empregada no nosso estudo, a pregabalina ndo foi capaz de mudar a
ativacdo cortical frente a estimulos de maior amplitude. E plausivel pensar que por
se tratar de um processo patoldgico instaurado de longa data, mesmo agindo em elos
chaves do processo fisioldgico alterado, uma intervencao Unica ndo conseguiria

levar o sistema de volta ao funcionamento normal.

2. PERSPECTIVAS FUTURAS

Esta tese de doutorado corrobora para o fortalecimento e solidificagéo de uma
linha de pesquisa que estuda processos de neuromodulagdo da dor. Além disso, abre a
possibilidade de introduzir em nosso meio o uso da fNIRS como ferramenta para
auxiliar na avaliacdo de pacientes com sindromes dolorosas. Os resultados obtidos serdo
divulgados para a comunidade cientifica afim de possibilitar melhora na assisténcia de
pacientes que sofrem de patologias que demandam fartas quantias do sistema publico de

saude brasileiro.

Aléem disso a confirmacdo de “assinaturas hemodindmicas” no cortex, nos
permite avaliagdo “objetiva” de mudancas neuroplasticas associadas a dor. Com 0s
resultados desse estudo pretende-se no futuro, identificar caracteristicas corticais de

pacientes respondedores e ndo respondedores as terapias utilizadas.
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1. COLABORACOES EXTERNAS

Prof. Dr. Rickson Mesquita — Unicamp, colaborac¢des com NIRS.

Prof. Dr. Jodo Ricardo Sato — Universidade Federal do ABC, colaboragdes com NIRS.
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Neuroplastic Effects of Transcranial
Direct Current Stimulation on Painful
Symptoms Reduction in Chronic
Hepatitis C: A Phase |l Randomized,
Double Blind, Sham Controlled Trial
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Mdrio R. Alvares-da-Silva®, Rvedavio F. B. de Amevim®, Felipe Fregni® and
Welnel Caume ™

Introduction: Pegylatad Interferon Alpha (Peg-IFN) in combination with other drugs is
tha stardard traatment for chronic hepatitis © infaction (HCV) and is relatad to sevars
painful symptoms. The aim of this study was access the efficacy of transcranial dirsct
current stimulation EDCS) in controlirg the painful symptoms elatad to Peg-IFN sids
effects.

Materials and Methods: |n this phasa || double-blind fhal, twerty eight [ = 28) HCW
subjects wera randomized to receive aither & corsscutive days of active tDCS n = 14)
ar sham [0 = 14} durng 5 comsecutiva days with anodal sfmulation over the primary
rmator cortex region using 2 ma for 20 min, The pimany autcomes wera visual analogue
scale (VAS) pain and brain-darved neurotraphic factor (BOMF) serum lavels. Secondary
outcomes wana the pressure-pain threshold (PPT), the Brazlan Profile of Chranic Pain:
Soman (B-PCP:5), and dnug anagesics usa.

Results: tDCS reducad the VAS scoras (P < $.003), with a2 mean pain drop of 56%
o = QLON). Furthermors, tDCS was able to enhance BONF levals (o < 0.01). The mean
increasse was 37.48% in the active group. Finally, tDCS raised PRT [p < 0.001) and
reciucad the B-PCP:S scores and analpasic uss (o < (LOE).

Conclusions: Five sassions of 1DCS wers effiective in reducing the painful sympioms
in HOW patients undergoing Peg-IFM treatmeant. Thase findings support the efficacy of
DCE as a promising therapeutic ool to improve the tolerance of the side effects related
o the wss of Peg-IFN. Future larger studias (phasa ll and IV trials) are nesded to confirm
the climizal usa of tha therapeutic effacts of 1DCE in such condition.

Trial registration: Brazilian Human Haalth Regulator for Research with the approval
ramber CAAE OT802012.0.0000.5327.

Kaywards: Hepatits €, chronic pain, Hepaditis £ wirus, PEG-IFN, transcranial dimct comrent stimulation
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The central senstzaton syndrome [(CSS8) encompasses dizorders with overlapping
symploms in a structwal pathology spectrum ranging from persstent nociception
[e.g., ostecarthritiz (04)] to an absence of tesue injures such as the one presented
in ficrormyalga (FV) and rmycfascial pain syndrome (MPS). First, we hypothesized that
these syndromes present differences in their cortical excitability parameters assessed
by transcranial magnetic stimulation (TMS), namely maotor evoked potential (MEF],
cortical slent period {CSF), short ntracortical inhibition (SIC]) ana short intracortical
facilitation (SICF). Second, considering that the presence of tissue inury could be
detected by sanum neurotrophing, we hypothesized that the spectrum of structural
pathciogy (l.e., from persistent nocicaeption ke in OA, to the absence of tissue njury like
in FM and MPS), could be detected by aifferential efficiency of their descending pain
inhibitory =ystem, as assessed by the conditened pain moduwation (CPMV) paradigm.
Third, we explored whether brain-derived neurotrophic factor (BDMNF) had an influence
on the relaticnship between motor cortex excitabdty and structural pathclogy. This
cross-sectonal study pocled baseline data from three randomized clinical triats. W
included females (o = 114), agea 189-85 years old with disabiity by chronic pain
syndromes (CPS): FM n = 19}, MPS [0 = 54}, O4 [0 = 27) and healthy subjects (n = 14}
We assessed the serum BONF, the motor cortex excitability by parameters the TMS
measures and the change on numerical pain scale [NPS (0=10)] duing CPM-task. The
adjusted mean (S0) on the SICI cbserved in the absence of tesue njury was 56.36%
loweer than with persistent nociceptive input [0.31(0.18) vs, 0.55 (0.32)], respectvely.
The BDMF was inversely comelated with the SICI and with the change on NPS (0=10)
during CPM-task. These findings suggest greater disinhibition in the motor cortex and
the descending pain inhibitory system in FM and MPS than in OA and healthy subjects.
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Dor NeUROPATICA EM PAciENTES coM HIVIAIDS em uso De
TERAPIA ANTIRRETROVIRAL

NevroratHic pav iv HIVIAIDS paTients using
ANTIRETROVIRAL THERAPY

Andressa de Souza', Rafael Braz da Siva®,
Jairo Alberto Dussan-Sarria’, Alexandre Ramos Lazzarotto’

RESUMO

A infecgéo pedo virus da imunodeficiéncla humana (HIV) represanta um dos malonss
problemas de salde da atualidade em virfiude de seu cerdier pandémico e gravidade.
0 uso da terapea antmatroviral esté essociado so desenvelvimento de diferentas fipos
da dor, sando 3 dor neurcpatica ume delas. A dor neuropatics coorre pels lesdo do
gistame nociceptivo, gue envolva mudances mobeculanss, fisioldgicas & anatbmicas.
Considerando que a infecgdo por HIV gera custos elevados para o sistema de
salda, 8 que suas comortedades elevam ainda meis esses custos, B compreenséo
dos mecanismos de dor nessa populagio possibllite uma melhor assisténcla e wna
reduzdo da carga para o sistema. A dor neuropatica pode apresentar diferentes
posaivais mecanismos fisiopatoldgicos envolvidos, tomando-se um desafio para o
tratamento de pacientes com HIV. A compresnsde sobre 8 newrcfisiologia da dor
neurcgatica e o HIV pede promover melhores abordagens acs pecientes e a redugdo
da comorbidades associedas, com Impacts na quelidade de vida.

Palevras-chave: Dor neuropebica; HIV; ferapia sntimetrowvial

ABSTRACT

Humen immunodeficiency virus (HIV) infection is 2 major health problem nowadays
due to its pandemic character and severity. The uss of antiretroviral theragy is
assocated with the developrment of different types of pain, and newropathic pain =
one of therm. Meuropethic pain is caused by an imjury to the nocicaptive system, which
involves molecular, physiclogical and anatomical changes. Considering that HIV
infection generates high costs for the health system, and thet is comoroidifies rese
guch coats even maore, understanding the mechanisms of pain in this population can
result in batier care practicas end reduction of burden to the sysiem. Neurcpathic pain
may presant differant pethophysiclogical mechanizms becoming a challenge for HIV
treabment. The understending of the neurophysiclogy of neurcpathic pain and the HIV
Can promote better patient approaches and the reduction of associatad comonmdities
with an impact on quality of life.

Keywords: Meunopathic pain; HIV: anbiretrovies! therapy

2 wirus da imunodefici#ncia hurmnana (HIV) pertence & familia Redroviridae,
subfamilia Lentiviridasa. Ele causa efailos citopabices am curto praza &
uma infacgdo longitudinal parsisiente gue culmina am um guadro clinico
de imunadeficidncia, gue corresponde a sindrome da imunodeficéncia
adguirida (AIDE)}. A sua principal caracteristica & a suprassio profunda da
imunidade madiada por calulas T, que lorna o individuo suscelivel a infecgbes
oportunistas, neoplasias secundarias & doengas neuraldgicas que, 58 nad
forermn combatidas, levam-no inavitavelments ao dbifo”.

A Organizagio Mundial da Sadde (OMS) informau que, ao final de 2013,
havia 35 (33, 1-37 2} milhdas de pessoas vivando com a infecgdo na munda®.
Embora a incidéncia glabal tenha sido estabilizada em 2,1 milhdes em 2013, 0
numeso de pacentas gua recebam a lerapia antirretroviral combinada [TARV)

IS5M 2357-9730 httpfseerudrgs brihepa

4. VERGARA-DIAZ, GLORIA; DUSSAN-SARRIA, JAIRO ALBERTO;
DOMINGUEZ-IGLESIA, MASSIEL; O?BRIEN, ANNE; ADANS-DESTER,
CATHERINE; LUI, SIEW KWAON; BONATO, PAOLO . Retrospective Analysis of
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Injury. Archives of Physical Medicine and Rehabilitation (Print), v. 97, p. €136, 2016.

elis

Research Posters

Research Foster 815

Farearm Endurance Trainkng in a Waman With
Keams-Sayne Syndromés Case Report

@Q‘usshnrk
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Research Objecthves: To meisure clinbsal symploss, muscle-spoacifc
endurancs, &l srescle mikichomdrial Gipasity ina pemon with K55S before
and alies one moeall o endurancs Irgning,

Dagign: Belom-alcr case cantral,

Satting: Usiversily sciling,

Farticlpants: Participest was 3 45-seer-old femsle with a disgmanis ol
K55, confismed by an aboormal begey andicalisg @ comnplex | deles, 4
penetically confireed milechondmal DNA deletion mutalion, g elevaisd
lactate levils

Intervantions: The oon-doernest fonsanm win tained for 18 sesions of
20-30 minuies wang 3-5 pounds over 34 dise

Main Dutcome Measure(s]: Muscle-secilc endurances was measurad wilh
surface mechanommyography &5 clectnical stimulamios & 2, 4, &l & He
soguentiglly, Milcchondrial capacity was measurgd usang the e of re-
covery of axypes consusption aler # shor boul ol cledncal aamulation

Results: Comtraclions per fraining session mereased from 240 1 525
Symploms of muscle Mtipes ead weikness ollowing training scasicns
decreased  smrkedly theeughoul the Irsining geogremn, Crip srenplh
increased from 120 80 2007 k. Meele endumance isdex o1 6 He incregsal
Freen 67% 10 B35, Muscle mitochondris] capacity (recoaeny male somsgant)
inchsasad e | 4dmn 1o 2.1 i

Complizsbanss A jabenl with milcchondrigl discase, specihcally KBS, was
able 10 mpnilicassly maprove hir moscle Tungtion with enduranss Waining.
The 57% mercase i mmochomdeial capacity is comsasten wigh taining
shaptatioen sepaed for sos-decasad conlrols usisg a sicnlar aining
proteeal, This suggests Ber muscle have the shality 80 opregulale mito-
chondmal bogencais desile ber genclic discase, Thas sludy glso desos-
slrics Ghe polcntial of acceleroesciry-bascd  asscssmente of muscle
enduranc and eescle milockondnal wes o noninvasively cvaluale pa-
Ients wilh miochomndrial discases,
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Betrospective Analysiz of Clinical Practice Data of
Robot-Assisted Gait Training in Patients with @C‘unhﬂnrﬁ
Spinal Cord Injury

Glorfa Vergara-[Haz {Department of Piysical Medicine and Rehabili-
tation, Marsard Medical School Spaulding Behabilitation Hospital),
Jziro Alberto Dussan-Saria, Massiel Dominguez-Iglesia, Amne O°Brien,
Catherine Adars-Dester, Siew Ewaon Lud, Paole Bonato

Resparch Objectives: To study training satmings and outcomes of robot
assisted pait training in patiemts with spinal card injeny (SCTL

Design: Retrospective cohort.

Setting: Rehabilitation hospital (inpatiess)

Participants: Adulis with stable 51 who received robot-assisted gait

Bolv-Weight Suppon, 85 % [70- 1KY puidancs fonce, sd ireadmill sposl
L0 kmwh [1.8-2.1]. W intemd 10 compice our dats with $ila exiracied Fom
e ARTIC database, 3 mulli-sile iniislive aisang 1 evalualing comgla-
Gand i the Dype of ingery, hisapy plan usad, and Renctionl duliimes
i palicols underpoing Lokamat® thesapy,

Comclusions: The median ssember of robol-gsasied gait srinisg sessions
wg lorwer than we anticipmed, Howeves, considenng our chnical seiling.
hess results ok be relined ue the shoet duration of inpaticst =iy when
erapy lime Bas o be allsEaisd T other functional  gosls hesides
ambulalion. Wi supgest hal @ woull Beoadvisable 0 cstablish camland
protecals o pobol-assiatesd gail Brainisg in onder b assces the ellecliveess
of robol-gasisied rainisg in paticols with SC1,

Koy Woernds: Spinal Cond Isjunes, Robolic Excekeleton, Hiomedical
Techmalogy, Rehabilitates

Disclosunes: Nome discloand
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Impact of Biopsychosocial Factors on Quality of
Participation in Persoms with Spinal Cord Injury:
Multisite [ross-Sectional Study
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Brent ‘Walter (Washington University in 5t. Louis), Jess Dashmer,
Alex Wong. Allen Meimemann

Research Objectives: To assess the role of bicdogical, psychological, and
socip-envirnnmental factors in persons with spinal cord imjury (8CT).
Design: Muhisite cross-sectional study. Pamicipants completed patisse
reported measores of beahh, personzl and emvircomental factors, and
paricipation. We nsad the biopsychesocial model to guide the selsction of
shedy vanables. We used exploratory factor snalysis 1o obezin a factor
scare to represent the quality of participation. Vanables reduction method
(i) was used 1o select varizbles for the finzl regression model.
Setting: Three medical instisutions Jocaied in Chicago, Michigan and
51, Laowis.

Participantsz 150 community-dwelling adules with SCI.

Interventions: Mot applicable.

Main Outcome Measure(s): PROMIS, NIH Toolbox, Meuro(lol., Com-
ity Participation Indicasors, Economic Quality of Life, SC1 Quality of
Life Measursmant Systzm, Emvironmental Pactors Item Banks and other
legacy measures of enviranmental factors.

Results: One simgle-factor solution was chesized to represem quality of
participation (O=ly | factor with eigezvalue = 1.0 and explzined $9.5% of
vanances). Bickogical factors incloding pain (p=1{0.045), epper exiremity
funztion {p=0U001), psychological factoss including loneliness (p=01016
and mezzing (p="0{4E&}, 25 well & socio-environmezzal factors including
the use of assistive techoology for mobility were associated with che
quality of pasticipation. The final model explained for 53.2% of vorances
im participaton (F{L1, 138)= 16424, po0.001).

Conmclusions: Fain, epper extremity function, loneliness, life meaning, and
assistive technology use of adults with SC1 were associated with the
quality of participation. These rezults can provide targats for imerventicns
to impreve participation for SCLL

Key Words: Outcome Assessment (Health Cere), Paticipation, Spizal
Cord [=jury

sl Kome disclosed.

training betwees June 2008 axd June 2014,

Interventions: Robot-assisted gait trzining.

Main Qutcome Measure(s): Demographic and clinice] data: type of injury,
AS1A Impairment Scale (ALS) level; number of sessions and Lokomot®
therapy sedtings.

Results: The dats of &4 patients 47.1 [28 - 63.7) years of age (medizn and
interquastile range) were included. 0.2% were male subjects. 4% had
soute 5O 52.4% with traematic atiokagy. Only 14% were complete in-
juries. ATS prade was predomizantly ¥ (31%) with 57.79% of the izjuries at
the cervical bevel. A median of 14[00.75-17.25] patienis per year under-
west robot-assisied gait fraizing. The median number of trainisg sessions
was 5 [3-E], 39 patients performed more that § sessions. The sestings
(medien 2z interquastile range) of the first sessbon wene: 50 % [36.5-50]
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Research Objectives: The chjective of this poster is to repost preliminary

diola describing: (a) public evenis supporiing commwunity reiniegration
(CR), and (b} comtexteal factors chat fcilitmz and impede CR.
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Repetitive Transcranial Magnetic Stimulation

for Fibromyalgia: Systematic Review and
Meta-Analysis

Leonardo M. Knijnik, MD*:; Jairo A. Dussdn-Sarria, MD***%; Joanna R. Rozisky,
PhD*; Iraci L. S. Torres, PhD*"; Andre R. Brunoni, MD, PhD**; Felipe Fregni,
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B Abstract

Backgrownd: Fibromyalgia {(FM) is a prevalent chronic pain
syndrome with few effective therapeutic options available.
Repetitive transcranial magnetic stimulation [rTMS5) is an
emerging therapeutic alernative for this condition; how-
ever, resulis have been mixed.

Objectives: To evaluate the efficacy of rTM5 on FM, a
comprehensive systematic review and meta-analysis were
performed.

Methods: Relevant published, English and Portuguese lam-
guage, randomized clinical trials (RCT) comparing rTMS

Address correspondence and regrint requests go: Walnei Cswmae D,
BhiD, Mospital de Clinicas de Porto Alegre, Laboratory of Pain & Neuro-
modulation, Bua Ramiro Barcelos, 2350, CEP 90035-003, Bairro Kio Branco,
Parta Alegre. E-mail: caurmo@cpova.net.

Subrmitted: July 30, 20014; Revised October 17, 2004
Riewsion acoepied: Nowemnber 02, 2014
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(irrespective of the stimulation protocol) to sham stimulation
for treatimg FM pain intensity, depression, and/or quality of
life (QoL) were identified, considering only those with low
risk for bias. Trials available until April 2014 were searched
through MEDLINE, EMBASE, the Cochrane Library Databases,
and other 26 relevant medical databases covering from every
contiment. The outcomes for pain, depressiom, and QoL
assessed closest to the 30th day after rTRS treatment were
extracted, and changes from baseline were calculated to
compare the effects of rTM5 vi. placebo.

Results: One hundred and sixty-three articles were
screened, and five with moderate to high guality were
included. rTM5 improved QoL with 2 moderate effect size
(Pooled SMD = —0.472 95%C1 = —0.80to —0.14); it showed a
trend toward reducing pain intensity {(SMD = —0.64 95%
Cl = —0.31 to 0.1T), but did not change depressive symp-
Toms.

Conclusion: In comparison with sham stimulation, rThS
demonstrated superior effect on the Qol of patients with FM
1 month after starting therapy. However, further studies are
needed to determine optimal treatment protocols and to
elucidate the mechanisms involved with this effect, which
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Backgroued and (Fbjectives: Central senstivity syndrome (C55)
encompasses dsorders with overlapping symploms in a specirum
of structural pathology from persisient somalic nocceplion (=g,
osteaarthritis] to absence of tissee injury such as in Gbromyalgia,
chronic tenson-lype beadache, apd myofascial pain syndrome.
Likewise, the spectrum of the newroplasticty mediators associated
wilh C58 might present a pattern of clinical utility.

Methods: We studied the brain-derived newrctrophic factor
(BONFY, tumor necrosis factor-z {TNF-2), acd interleukins & (1L~
&} and IL-10 in female patients with O35 absenl of structusal
pathology (chronic tension-lype beadache [n = 30, myofascal
pain syrcrome [n = 29], Gbromyalgia [n = 22]k witk CS3 due 1o
persistent soamaticvisceral nocoeplion [estecarthritis [o = 27] and
endometnicsis [n = 32[); and in pam-fmee controls (o = 37).

Kesults: Patients with C58 absent of stnectural pathology presnted
bigher semum TNF-x (1861 & IZT4pgmLl) and BDXNF (4987 &
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386 ngmL) than thos with persisien? somabic/visceral nocoeption
(TNF-x = 17.35 & 7.38pg'mL; BDNF = M4 & £30ngml) amd
contrals (TNF-x = 2141 & S Mpgml, BONF = 14.00 + 11 80 ng
mL}. Maoreover, CSS patients absert ol strxctural pathology presected
lower 1L levels. Beceiver operatar charactenstics aralysis showed the
ahility of BIDNE Lo screen 55 (irmespective ol the presence of strui-
ftuml pathology) from comtrols (cutedl = 13,31 ng/ml., anea urder the
cunve [ALC] = 0.B6, sensitivily = 9506%, speaficity = 56.T76% ) ard
its ahility 10 wmify persisten? nociception in C53 patieris when
experienaing modemte-severe depressive symploms  (ALUC = (L8]
cutodl = dZEIngml, semsitivily = 5680%, specfiaty = 100%:)
When the level of pain mesarad on the visual amakg scale was
<5 acd moderste-severe depressive symploms  were  observed
THF-2 discriminated structural pathokgy in the chronic pain con-
dibors  (AUC = 097, cutoll = 2211 pg/mL, senstivity = 90%3,
specificity = 91.3%).

Conclusion: Neuroplasticity mediators could play a role as screen-

mg tools for pain dinicians, and as validation of the complex and
diffuse symptoms of these patients.

Key Word: central seesitivity syndrome, chronie pam, plasticty,
BIDNEF, TNF, cytokines

(Clin J Pain 201 5;00:000-000)

cntral sensitivity syndrome (C85) is an empirical con-

cept proposed to improve the understanding and
management of a group of disorders with overlapping fea-
tures including psychological distress, sleep disturbances,
fatigue, pain, allodyria, hyperalgesia, expansion of receptive
field, and hypersensitivity to noise and chemical substances.
In some of these disorders, such as fibromyalgia (FM),
chronic fatigue syndrome, chronic fension-type headache
(CTTH), myofascial pain syndrome (MPS), and primary
dysmenorhea’ there i scarce evidence of structural pathel-
opy. In contrast, in other conditions like osteoarthritis
(OA)F or endometricsis,” there i anatomic structural
pathalegy (which accounts for persistent somatic or visceral
nociceptive input. respectively) and demonstrated hyper-
alpesia outside of the sensitized arcas. In OA, low pressure
pain thresholds over the affected joints refiect local sensiti-
ztion due to local inflammation, whereas reduced pain
thresholds at sites remaote from the affected joint suppont the
hypothesis of central sensitization (CS)'" Similarly, in
endometriosis, the hyperalgesia has also been described
distant from the pelvis, in the first dorsal interassens muscle
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Abstract

Ohbjective. The aim was to assess the neuromodula-
tion techniques effects (repetitive transcranial mag-
netic stimulation [rTM5] and deep intramuscular
stimulation therapy [DIMST]) on pain intensity,
peripheral, and neurophysiological biomarkers
chronic myofascial pain syndrome (MPS) patients.

Design. Randomized, double blind, factorial design,
and controlled placebo-sham clinical trial.

Setting. Clinical trial in the Laboratory of Pain and
Meuromodulation at Hospital de Clinicas de Porto
Alegre (NCTO2381171).

Subjects. We recruited women aged between 18-
and T5-year old, with MPS diagnosis.

Methods. Patients were randomized into four
groups: rTMS + DIMST, rTMS + sham-DIMST, sham-
rTMS + DIMST, sham-rTMS + sham-DIMST; and
recaived 10 sessions for 20 minutes each one ([rTMS
and DIMST). Pain was assessed by visual analogue
scale (VAS); neurophysiological parameters were
assessed by transcranial magnetic stimulation; bio-
chemical parameters wers: BOMNF, 5100§, lactate
dehydrogenase, inflammatory (TWF-z, ILG6, and
IL10), and oxidative stress parameters.

Results. We observed the pain relief assessed by VAS
immediately assessed before and after the interven-
tion (P=0.05, Fyx= 3494 and Ry 5= 4.656, respec-
tively); in the sham-rTMS + DIMST group and both
three active groups in relation to sham-rTMS + sham-
DIMST group, respectively. There was an increase in
the MEP after rTMS+ sham-DIMST (P<0.05).
However, there was no change in allperipheral
parameters analyzed across the treatment (P> 0.05).

comaany; stockhiolders of the compary, membears

of 8 speakers Bureaw ar any other farm of Conclusion. Our findings add additional evidence
financial, about rTMS and DIMST in relieving pain in MPS
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Factors of Reamputation or Amputation of the Contralateral Lower Limb in Amputees
with Dysvascular Disease. PM & R (Philadelphia, 2009): the journal of injury,
function and rehabilitation, v. 7, p. S181, 2015.

Risk Factors of Reamputation or Amputation of the
Contralateral Lower Limb in Amputees with
Dysvascular Disease

Gloria Vergara-Diaz, MD (Harvard Medical 5chool, Spaulding
Rehabilitation Hospital, Charlestown, MA, United 5tates),
Massiel Dominguez-iglesia, MD, Jairo A. Dussan-3arria, MD,
David Crandell, MD, Paolo Bonato, PhD

Disclosures: G. Vergara-Diaz: | Have No Relevant Financial Relation-
ships To Disclose.

Objective: To identify risk factors leading to reamputation or ampu-
tation of the contralateral lower limb in patients with a major lower-
extremity amputation {(MLEA) due to dysvascular disease.

Design: Retrospective study

Setting: We examined the medical records and ancillary files of adult
patients who underwent a lower-limb amputation and were admitted
at Spaulding Rehabilitation Hospital (SRH) for inpatient care from
August 2013 to August 2014.

Participants: We selected medical records of adults with a dysvas-
cular MLEA, and excluded those of subjects who had an amputation
due to complications following unrelated surgical procedures, joint
disease, trauma, or cancer. Hence, the medical records of 59 subjects
were included in the study.

Interventions: Mone

Main Outcome Measures: Ipsilateral reamputation or major amputa-
tion of the contralateral lower limb.

Results or Clinical Course: Patients were 61.0 = 13.4 years old,
mostly male (68%), white Caucasian (45%), with high prevalence of
hypertension (85%), diabetes (81%), dyslipidemia (63%), smoking habit
or history (69%), depression (69%) and evidence of coronary artery
disease (40%), who underwent a below-knee amputation (83%). 27% of
the patients were reamputated, 81% contra-lateral, 60% within a year
from the first MLEA. Acute vascular event (P=.01), perioperative
infection of the stump (P=.05), anxiety (P=.05), and evidence of pe-
ripheral disease in the contralateral limb (P=.05), were associated
with a new amputation in univariate analysis.

Conclusion: About 25% of the patients who are admitted to the Am-
putees Clinic are there due to a second reamputation, 80% of which
after undergoing bilateral amputation. In about one third of the cases,
the reamputation or amputation of the contralateral limb occurred
within a year. Acute vascular event at the moment of the first MLEA
was identified as the main risk factor associated with a new
amputation.
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Electroacupuncture analgesia is associated with
increased serum brain-derived neurotrophic factor
in chronic tension-type headache: a randomized,
sham controlled, crossover trial

Ménica Chassor', Jaine Alberto Dussan-Samia *, Francislea Cristing Sehn ', Alicia Deitos, Andressa de Souza™,
Rafael Verceling' =, Iraci LS Torres ™, Felipe Fregni® and Wolnei Caumna™™

Abstract

Background: Chronic tensior-type headache [(CTTH) is characterized by almost daily beadaches and central
sereitization, for which electroacupuncture (EA) might be effective. The central nervous systern (CHS) plasticity can
be tracked in serum wsing the brain-derived newrotrophic factor (BDNF), a neuroplasticity mediator. Thus, we tested
the hypothesis that EA analgesia in CTTH is related to newroplasticity indexed by serum BONF.

Methods: We ervolled females aged 18-60 years with CTTH in a randormized, blinded, placebo-controlled crossover
trial, cornparing ten EA sessons applied for 30 minutes (2-10 Hz, intensity by tolerance) i cervical areas twice per
week v a sham interverition. Treatrment periods were separated by bwo washout weeks. Pairn on the 10-cm visual
analog scale (WAS) ard serurm BOMF were assessed as primary outcomes.

Results: Thirty-four subjects underwent randormization, and twenty-nine completed the protocol EA was supericr
ta sham to alleviate pain (VAS scores 238 £ 177 and 3.02 £ 249, respectively, £ = 0.005). The VAS scores differed
according o the intervention seguence, dermonstrating a carryover effect (P < 005) Using multiple regressicn,
serurm BOMNF was adjusted for the Hamilton depression rating scale (HDRS) and the VAS scores (r-squared = 007,
standard B coefficients = =0.2 and =014, respectively, P< 0.001). At the end of the first intervention period, the
adjusted BOMF was higher in the EA phase (29.31 £ 324, 2753 £ 294 ng/mL, Coher's d = 055).

Conclusion: EA analgesia is related to neuroplasticity indexed by the adjusted BONF, EA modulation of pain and
BDONF occurs according to the CNS situation at the moment of its administration, as it was related to depression
and the timing of its adrministratior.

Keywords: Electroacupuncture, Brain desived neurotrophic factor, Chronic tension type headache, Meuroplasticity

Background

Agccording to the International Classification of Headache
Disorders, chronic tension type headache (CTTH]) is char-
acterized by daily {or almest daily) headaches that last sev-
eral hours per day [1). Its prevalence im the general
population ranges from 2-5% [2,3]. leads to a negative im-
pact on both functicnality and quality of life, and increases
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the risk for excessive analgesic consumption [4). As with
some other chronic pain conditions, patients suffering
CTTH present amplification of afferent signals [5], central
sensitization phenomena and inadequate descendent in-
hibivery control [6]. The nervous systemn changes induced
by chronic pain are performed by different actors, includ-
ing the brain-derived newrotrophic factor (BDNF).

BDNF has been identified as a key player in the
sensitization of the system, altering the excitatory/inhibitory
balance in the central nervous systemn (CNE), and in the
amplification of pain transmission modulation of the
nociceptive sensory inputs in the spinal cord [7,8].

DUSSAN-SARRIA, JAIRO ALBERTO;
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Higher serum S100B and BDNF levels are
correlated with a lower pressure-pain threshold in
fibromyalgia
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Abstract

Background: Fibromyalgia (FM) is conceptualized as a central sersitization (C5) condition, that presents high serum
brairederived neurotrophic factor (BONF) and neurcglia activation. Although the 51008 protein requlates neuroglia
functions, it has been traditionally used as a proxy of central nervous systermn damage. However, neither BDNF nor
51008 association with the dinical picture of FM hias been elucidated. To explone their association with the
pressure-pain threshold (PPT) in FM, we performed a cross-=sectional study, including 56 females with confirmed FW
aged 18-85 wears. Linear regression models were used to adjust for potential confounding factors bebween serum
BONF, 51008 ard PPT.

Results: Serum BONF and 571008 were correlzted (Spearman’s Rho = 0.25). Serum BONF (iog) and 51008 (log) were
correlated with the PPT {log) (Partial |'|‘1 ={.129, P=0.012 for the BONF {iog), and Partial if* = 0,105, P= 0025 for the
51008 flogll. Serum BONF llog) was inversely associzted with PPT {log) (8 = =101, 5E=041), age {3 = 002,

5E =0L15) and cbeessve compulsive discrder I]fa = =036, 5E = 0.15), while serum 571008 (log) was irversely associated

with PPT (log) (f =138, SE = 0.500, oriy.

irn ML

Conclusions: Both neurcglia key mediators in the C5 process were inversely comelated with the PPT. Serum
assessment of BOMF and 51008 deserve further study to determine its potential as a prowy for the C5 spectrum

Keywaords: Fibrormyalgia, 51008, BOMWF, Pain-pressure threshold, Central sensitization

Background

Fibromyalgia (FM) Is estimated to affect between 1.6%
[1] and 6.4% [2] of the population, and is characterized
by widespread chronic paln accompanked by Gtipue, non-
zatisfiying sleep and cognitive symptoms [3]. Although its
pathophysiology I not fully understood, abnogrmalities in
paln peocessing 4] related to cemtral sensitization (C5)
and a reduced descending pain modulation with sensory
amiplification [56] have been recognized as components
of FM. In the CF model, pain hypersensitivity and en-
hanced receptive fleld characteristics of the disease [7]
may be explained as a consequence of Increased neuronal

= Corresnondenos CaUma@onosaret
"Equal conbrisunors
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rnembrane excitabllity, synaptic faclitation and noclcep-
tive pathway disinhibition mediated at the molecular level
by the maodification of receptor kinetics {eg, N-methyl-
D-aspartate (NMDA) and o-aming-3-hydeesy-5-methyl-
4-lspxazoleproplonde acid (AMPA)) (8] and at the cellular
level by the interaction of both newrons and microglia
Interchanging neuratransmitters and Inflammatory cy-
tokines (eg, substance P tumor necrosls factor alpha,
and brealn-deeived neuratrophic factor (BDMNF)), which
results In enhanced neuronal and mocleeptive pathway
functions [8-10].

BDMF ls a neurotrophle factor that is widely distributed
In the cemtral nervous system (CMS5) and s capable of
strengthening excitatory (glutamatesgic] synapses as well
as weakening inhibitory (GABAergic) synapses [11]. In the
context of C5, microglial cells activated by astrocytes can



11. SOUZA, ANDRESSA; DUSSAN-SARRIA, JAIRO ALBERTO,; MEDEIRQS,
LICIANE FERNANDES; SOUZA, ANA CLAUDIA; OLIVEIRA, CARLA;
SCARABELOT, VANESSA LEAL, ADACHI, LAUREN NAOMI;
WINKELMANN-DUARTE, ELISA CRISTIANA; PHILIPPI-MARTINS,
BARBARA BEATRIZ; NETTO, CARLOS ALEXANDRE; CAUMO, WOLNEI;
TORRES, IRACI L.S. Neonatal hypoxic-ischemic encephalopathy reduces c-Fos
activation in the rat hippocampus: evidence of a long-lasting effect. International
Journal of Developmental Neuroscience, v. 14, p. S0736-5748, 2014.

Int. ]. Dewvl Meurnscience 38 (201

Cantans lists available at Sciancalirect

International Journal of Developmental Neuroscience

journal homepage: www.elsevier.com/locate/ijdevneu

Neonatal hypoxic-ischemic encephalopathy reduces ¢-Fos activation
in the rat hippocampus: evidence of a long-lasting effect

Andressa Souza*“%/, Jairo Alberto Dussan-Sarria®, Liciane Fernandes Medeiros ™4,
Ana Cliudia Souza™©, Carla Oliveira®®", Vanessa Leal Scarabelot™7,

Lauren Naomi Adachi®~?, Elisa Cristiana Winkelmann-Duarte®,

Barbara Beatriz Philippi-Martins“, Carlos Alexandre Netto®, Wolnei Caumo?,

Iraci LS. Torres ot

Medicime: Medicn! Sciencmi Uiniversidide Federa! do 8o Grande do Sul S0075-0075, Partn Alegre, B
Biniogical Sciences: Physiology, Universidade Federal do Rio Crande do Sad, S0035-003, Porte Alegre, -
W Iodels of Neuromodesdlarion Laboratory, Department of Pharmacalogy, Instinste of Sasic Heaith Sclences, Universidade
20050- 170, Portz Alegre, Brozil

* Animaf Experimenranion Hospinaf de Ciinfras de Porsn Adegre Croduate RBesearch Croup, 30035-003, Porto Alegre, Brazil

£ Department of Morphologioad Stiesces. Unhrensidady Federad de Sanln Cataring, RR0-900. Ferisadpoli, Braeil

r wafe Progries in heolth and Husan Developmimt, Cemtro Lishreiidnie Unilasalle, 0207 0-000, Canoas, Brasil

4 Groduste Prograf

Fecheral oo Rio Grande do

ARTICLE INFOD ABSTRACT

Article Risnary:

Received 22 june 2004

Received in revised form

13 Septamber 2014

Accepted 16 September 3004
Avallable online 27 Seprember 2004

Kiyweords:

Neonacal hypaxia-=chemia
encephalopachy
Mocicepcive behaviar
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BONF

THNF-m

Thee effect of neonaral hypoxic-ischemic encephaloparhy [HIE) on maturation of nociceptive pathways
has been sparsely explored, To investigate whether neonatal HIE alters neuronal activity, nociceprive
hehavior, and serum neuroplasticity mediators (brain-derived neurotraphéc factor [BDNF| and tumor
necrosis factor-o [THNF] ) in the short, medium, and long term. Neonate male Wistar rats were randommioed
to receive 3 boain insult that could be either ischemic [left carotid artery ligation [LCAL])L hypoxic (BL
axygen chamber]. hypoxic-ischemic (LCAL and hypoxic chamber], sham-ischemic, ar sham-hyposic.
Neuronal activily (c-Fos activation al region CAT and dentate gyrus of the hippecampus], nociceptive
behavior (von Frey, tail-fick, and hot-plate tests], neuroplasticity mediators {BDNF, TNF), and a cellular
injury marker (Lacrase dehydrogenase [LOH] | were assessed in blood serum 14, 30, and 60 days after birth,
Neonaral HIE persiszently reduced o-Fos activatian in the ipsilateral hippocampal region CAT; howewer,
comralateral o-Fos reduction appeared anly 7 weeks after the event, Neenatal HIE acutely reduced the
paw withdrawal threshold (won Frey test], bur this returned te normal by the 30ch posmaral day. Hyposila
reduced serum LD levels, Serum neuropiasticiny mediaress increased with age, and neonatal HIE did
not affect their ontogeny. Neonatal HIE-indeced reduction in newrenal activity occuss acufely in the
ipsilateral hippocampal region CAT and persists for af least 60 days, but the contralateral effect of the
irsult is delayed. Alterations in the nociceptive response are acute and self-limited. Serum neuroplasticity
mediators increase with age, and remain cnaffected by HIE

@ 201 4 Published by Elsevier Ltd. on behalf of ISDN

1. Imtrosduction

afferents are myelinated in the 30th gestational week [ Kostovic and
Rakic, 15500, thalamocortical fibers in the 37th {Deshpande and

The development of the nociceptive system in humans occurs
during the second and third gestational trimesters, and continues
during the first 2 years of life{ Anand and Hickey, 1987 Mociceptive
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Anand, 1996), and inhikitory pathways during the 3rd postnatal
week (Boucher et al., 1998; Van Praag and Frenk, 1991). Although
the maturation of the nociceptive system in rats occurs inan order
similar to that seen in humans, @ newborn rat has a nociceptive
system that resembles that of a human fetus at 24 gestational weeks
{Dobbing and Sands, 1979; Andrews and Fitzgerald, 1997; Marsh
et al, 1997 L while that of a 7-day-old rat pup (P7} corresponds 1o
that of a full-term human neonate (Twor et al, 12961 Thus, any
Insult to the central nervous system (CMN5) occurring in this period
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Association of anxiety with intracortical inhibition
and descending pain modulation in chronic
myofascial pain syndrome
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Abstract

Background: This study aimed to answer three questions related to chromic myofascial pain syndrome (MPE): 1) 1s
the motor cortex excitability, as assessed by tramscranial magnetic stimulation parameters (Th3), related to state-trait
anxety? 2) Does andety modulate corticospinal excdtability dhanges after evoked pain by Quantitative Sensory Testirg
105T)7 3) Does the state-trait anxiety predict the resporee to pain evoked by Q5T if smultarecushy receiving a heteratopic
stimuius [Concditioral Fain Modulation (CPM))? We included fermales with chironic MPS (= 47) and healthy controls
(n=11), aged 19 to 65 years. Motor cortex excitability was assessed by TM5, and anxiety was assessed based on
the State-Trait Arsdety Imentony. The disability related to pain (DRP) was assessed by the Profile of Chironic Pain scale for
the Braglian population (BPCPSE), and the psychophysical pain measurerments were measured by the Q5T and CPML

Results: In patierits, trait-anxiety was positively correlated to intracortical facilitation (ICF) at baseline and after
05T evoked pain (G = 0.05 and 5 = 0.04, respectively] and negatively correlated to the cortical silent period (C5P)
(B=-1.17 and (8 = -1.23, respectively) (P <0.05 for all comparisons). After QST evoked pain, the DRP was positively
comelated to ICF (3 = 002} (P < 008). Pain scores during CPM were positively comelated with trait-arudety when it was
concurrendly with high DRP ([} = 03%; P = 002 Controls’ cortical excitability rermained unchanged after ST,
Condusions: These findings suggest that, in chroric MPS, the imbalance between excitatory and inhibitony descending
systermns of the corticospinal tract is associated with higher trait-anxiety concurrent with higher DRP.

Keywords: Transcranial magretic stimulation, Chnonic pain, MNonimvasive brain stimulation, Meuromodulation, Anxiety,
Myofascial pain syndrome

Background

Pain is not simply determined by the intensity of the
nociceptive stimulus but also by orchestrated mecha-
niems that work together, including psychological factors
[1]. As one of these pswchological factors, anxiety In-
volves both physiological and psvchological aspects that
affect the way sensory Interpretation occurs [2]. Anxlety
Is considered adaptive because a threstening sibuation
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Indwees body changes that increase the state of arousal.
Anxiety can be presented as a state-anxiety (Le., referred
o acule situation-driven episodes that fluctuate over time)
oF a8 a tralt-anxdety (Le, a lfelong pattern, in the form of 2
personality feature) [3]. Maladaptive arcdety can take over
and have negative effects on peoples Lives [4].

These descriptions are consistent with the State-Trait
Anxiety theory, which predicts that individuals with high
trait-anxiety are generally hypersensitive to stimull and
are psychologically more reactive [34]. Anxious patients
present signs of restlessness, sympathetie overactivity,
and resistance to sedation [5]). Thus, similarly to pain
mechanisms, it Is concelvable that anxiety s assoclated
with alterations in beain excitability [5]. Previous reparts
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Letters to the Editor

Multidimensional Approach to Classifying Chronic Pain

Conditions—Less Is More

To the Editor:

Qur tearn received with enthusiasm the proposal
from the ACTTION-APFS Pain Taxonomy (AAPT)," wiich
claims  an  evidence-based and  multidimensional
approach to dassifying chronic pain conditions. At-
tempting to approach am ideal diagnostic system that
airns to systernatize, organize, and standardize the bio-
peychosocial assessment of chronic pain patients, a 5-
dimension taxonomy was proposed. This perspective
draw inspiration from the Diagnostic and Statistical
Manual of Mental Disorders (DSM), Research Diagnostic
Criteria for Temporomandibular Disorders (RDOTD),
and International Classification of Headache Disorders
diagnostic systems.” Of thase, the D5M is probably the
mast widaly used systermn im multidisciplinary settings
and an essential reguirement in the care of pain pa-
tiemts. The evolution of the taxonomies is both neces-
sary and inherent to the progress of science, wihich
develops  together with patiemts’,  dinicians’,  re-
seanchers’, and third-party payers’ needs.

However, the DSM-5 (the latest version) has signifi-
canmthy changed its multiaxial diagnostic systern in favor
of a less complicated nonaxial documentation of diagno-
ses.”™ The mwltiaxial approach was not wniversally
informative or helpful for patient care * The major goals
for this transformation were to improve compatibility
between the D5M-5 and WHO's international Classifica-
tion of Diseases T7th Rewision” {other monpsychiatry
spacialties prioritize dinically relevant findings without
using an axial distribution); to stimulate a dimensional
[more process- and pathogenesis-crientad) rather tham
a categorical diagnostic appreach’; to minimize neglact-
ing application amd registry of some axes; to be more
feasible for both pediatric and adult settings”; and to
avoid segregation and reduction of therapeutic efforts
towand patients with “less treatable” disorders (eq,
personality disorders).

The auihiors dedare that there ane no financialor other relati onships that
rrght lesd ta dardlicks af milerest

Ackdrems regprimt reguets b Alexandne Annes Henrigques, MO, Paychiatry
and Fain Program (FRODOR], Pain and Palliative Care Servioe, Hospital
de Clinicas de Porto Alegre (HCPAL Rus Ramiro Reroslion, 2350-CEP
S0035-003, Bairra Rio Branoo, Porto Aksgre, Rio Granode do Sul, Brazil.
E-mait zeash 1018@gmail coen
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In the same way, we believe that this penta-
dimensional approach’ for cassifying chronic pain
might face significamt limitaticns in its applicability
for clinicians and researchers. In the practice setting,
excessive categories in the analysis of a clinical case
tend to create confusiom and negligence of some of
these categaries. Also, this could turn inte an obstacle
for fluid communication between multidisciplinary
professionals at the expense of health care team syn-
chronization and integrationm. Further, adopting an
exclusive mukltidimensional diagnostic  system  for
chranic pain may hinder the harmonization with acute
pain care teams.

We support the systematic use of assessment, follow-
ug, and prognostic toals that have been validatad in the
varicus dimensions of a bicpsychosocial approach, as
lamg astheir relationships with the rmechanisms of disease
are clear and evidence based. Likewise, it should be
reguired that these tools present an established associa-
tion with hard and clinically relevant outcomes, amd
sanctioned consensus by clinicians, researchers, and
third-party payers. In this way, we suggest considering
tihe field experience and evolution of the DSM system.*
Theuse of 2 or 3 dimensions may represent a more feasible
and practical solution, reducing the complexity and
improving the clinical dedision making for all invoheed ac-
tors in the pain patients’ integrated care pathway,
through primary to quaternary health care settings.

Alexardre Annes Henrmgues

Poychiatry and Pain Program

Laboratory of Pain and Neuromodultion
Pairt ard Pallative Care Senace

Hosetal de Clindcas de Porto Alegre

Forto Alegre, Srazil

Post-Graduate Program in Medical Soiences
ESrhoal of Medicine

Uriiversidade Federal do Rio Grande do Sul
Forto Alegre, Brazil

Jairo A, Dussdn-Sarria

Post-Graduate Prograrm in Medical Soiences
Sehoal of Medicine

Universidade Federal do Rio Grande do Sul
Porte Alegre, Brazil
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