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RESUMO
A fibromialgia (FM) ¢ uma sindrome que se caracteriza por dor musculoesquelética
generalizada, fadiga, sono nao reparador, alteracdes cognitivas, sintomas depressivos e
neurovegetativos, cujo processo neurobioldgico ¢ multiplo e complexo. Apesar de ser de grande
relevancia ao individuo e a sociedade, esta patologia com frequéncia ndo recebe a atengdo
necessaria pelos o6rgdos que definem as prioridades da assisténcia na saude. A prevaléncia
populacional, segundo os critérios da Sociedade Americana de Reumatologia, chega a 5,4%, e
os gastos decorrentes de atendimento, impostos e aposentadoria precoce por incapacidade sao
estimados em mais de 29 bilhdes de dolares ao ano nos EUA. A falha das terapéuticas
farmacoldgicas convencionais ocorre em cerca de 50% dos pacientes. Postula-se que essas taxas
elevadas de insucesso se devam em parte a falta de conhecimento sobre os mecanismos
fisiopatologicos. O mecanismo que permeia o conjunto de sintomas que constituem a FM ¢ a
sindrome de sensibilizagao central (SSC). O conjunto de sintomas inclui o sofrimento psiquico,
disturbios do sono, fadiga, dor, alodinia e hiperalgesia. Esta condi¢do tem como mecanismo
fisiopatologico o funcionamento prejudicado de neurdnios e circuitos em vias nociceptivas,
com aumento do campo receptivo, da eficacia sindptica da excitabilidade e reducdo da inibigao.
Outro componente fundamental na SSC ¢ a disfuncdo do sistema modulatorio descendente da
dor (SMDD), que pode ser avaliado através do teste de modulagdo condicionada da dor
(conditioned pain modulation test [CPM-test]). Neste teste, os participantes podem ser
classificados como respondedores ou ndo respondedores, sendo que neste tltimo grupo h4 uma
perda da capacidade de inibicdo do SMDD. Estudos de neuroimagem em pacientes com dor
cronica demonstram alteragdes funcionais corticais ¢ de suas conexdes com estruturas
subcorticais que constituem a neuromatriz da dor. Entre as técnicas de neuroimagem, merece
destaque o estudo com ressonancia magnética funcional (fMRI) em estado de repouso (do
inglés, resting-state [fMRI ou rs-fMRI]), para avaliar a conectividade funcional intrinseca
(CFI). Com a finalidade de compreender fatores clinicos, laboratoriais e de neuroimagem que
poderiam discriminar a disfun¢do do SMDD, foram desenvolvidos dois estudos. No primeiro
estudo, buscamos identificar se um conjunto de sintomas da FM e os biomarcadores de
neuroplasticidade poderiam constituir um indice composto de gravidade, bem como se esse
teria poder discriminatorio para identificar respondedores e ndo respondedores ao teste de CPM.
Nesse estudo transversal foram incluidas 117 mulheres com FM (n = 60) nao respondedoras e

(n = 57) respondedoras, com idade entre 30 e 65 anos. A avaliagdo do SMDD pelo teste de



CPM foi feita pelas mudancas nos escores da escala numérica de dor, usando-se um protocolo
padronizado. A andlise de regressdo logistica multivariada hierarquica foi usada para construir
um indice ajustado ao escore de propenséo para identificar ndo respondedores em comparacao
com respondedores ao teste de CPM. As seguintes variaveis foram mantidas nos modelos: uso
de analgésico quatro ou mais vezes por semana, limiar de dor ao calor (heat pain threshold,
HPT), m& qualidade do sono, catastrofizacdo da dor, niveis séricos de fator neurotrofico
derivado do cérebro (BDNF), numero de diagnosticos psiquiatricos e impacto dos sintomas da
FM na qualidade da vida. A receiver operating characteristic curve (ROC) mostrou que 0s ndo
respondedores podem ser discriminados dos respondedores por um indice composto pelos
sintomas da FM combinados a marcadores de neuroplasticidade (&rea sob a curva [AUC] =
0,83; sensibilidade = 100%); especificidade = 98%). O segundo estudo avaliou padrées de CFI
entre as redes cerebrais de processamento da dor e 0 SMDD, atraveés da rs-fMRI em pacientes
com FM. Além disso, investigamos se o0 padrdo de conectividade entre o coértex
somatossensorial primario (do inglés, primary somatosensory cértex [PSC ou S1]) e a
substancia cinzenta periaquedutal (do inglés, periaqueductal gray matter [PAG]) esta
relacionado aos sintomas clinicos, em pacientes respondedoras e ndo respondedoras ao CPM-
test. Nesse estudo, foram incluidas 33 mulheres com FM, classificadas como nédo respondedoras
(n = 13) e respondedores (n = 20) ao teste de CPM. Na analise em que comparamos
respondedoras e ndo respondedoras com um modelo linear generalizado, identificamos que néo
respondedoras apresentaram diminui¢do da CFl entre 0 PSC e a PAG (y2 =10,41; DF =1; p <
0,001). A CFI S1-PAG no hemisfeério cerebral esquerdo foi positivamente correlacionada aos
niveis de sintomas de sensibilizacdo central e negativamente correlacionada a qualidade do sono
e aos escores de dor. A analise com ROC mostrou que a CFl entre o S1-PAG oferece
sensibilidade e especificidade de 85% ou mais (AUC 0,78; IC 95% 0,63-0,94) para discriminar
respondedoras de ndo respondedoras ao CPM-test. Os achados desses estudos mostram que 0s
sintomas cardinais da FM e marcadores de neuroplasticidade predizem a disfuncdo do SMDD,
assim como os padrées de CFI em estado de repouso no S1-PAG podem ser potenciais
marcadores para predizer a resposta a tarefa da CPM. Esses dados podem auxiliar na
identificacdo de perfis para o planejamento individualizado do tratamento de pacientes com
fibromialgia.

Palavras-chave: fibromialgia; dor cronica; vias neurais; imageamento por ressonancia

magnética; neuroimagem funcional.



ABSTRACT
Fibromyalgia (FM) is a syndrome characterized by generalized musculoskeletal pain, fatigue,
non-repairing sleep, cognitive, and neurovegetative changes, with multiple and complex
neurobiological processes. Despite being a significant disease, it often does not receive attention
from the organs that define health care policies. The population prevalence, according to the
criteria of the American Society of Rheumatology, reaches 5.4%, and the expenses arising from
care, taxes and disability anticipation are estimated at more than 29 billion dollars per year in
the US. Failure of pharmacological therapies occurs in about 50% of patients. These high failure
rates are postulated partly due to a lack of knowledge about the pathophysiological mechanisms.
The mechanism that permeates the set of symptoms that configure FM is the central
sensitization syndrome (CSS), which is characterized by distress, sleep disturbances, fatigue,
pain, allodynia, and hyperalgesia. This condition has as pathophysiological mechanism the
impaired nociceptive functioning of neurons and circuits, increasing the receptive field and
reduction of excitation mechanisms. Another critical factor in CCS is the dysfunction of the
descending pain modulatory system (DPMS), which can be assessed using the conditioned pain
modulation test (CPM test). This test can classify participants as responders and non-
responders, where in this last group, t mechanism of pain inhibition is dysfunctional.
Neuroimaging studies have shown there are changes in the brain connectivity in FM patients,
mainly among the pain neuromatrix and in the DPMS. Among the neuroimaging techniques,
the functional magnetic resonance imaging (fMRI) in resting-state (rs-fMRI) stands out in
assessing intrinsic connectivity (IFC). In order to understand clinical, laboratory and
neuroimaging factors that could discriminate SMDD dysfunction, two studies were developed.
In the first study, we sought to identify whether a set of FM symptoms and neuroplasticity
biomarkers could constitute a composite severity index and whether it would have
discriminatory power to identify responders and non-responders to the CPM test. In this cross-
sectional study, 117 women with FM (n = 60) non-responders and (n = 57) responders, aged
between 30 and 65 years, were included. Assessment of DPMS by the CPM test was assessed
by changes in Numerical Pain Scale (NPS-10) scores using a standardized protocol.
Hierarchical multivariate logistic regression analysis was used to construct a propensity score-
adjusted index to identify non-responders compared with CPM test responders. The models
maintained the following variables: analgesic use four or more times a week, heat pain threshold

(HPT), poor sleep quality, pain catastrophizing, serum BDNF levels, number of psychiatric



diagnoses and the impact of FM symptoms on quality of life. The receiver operating
characteristic curve (ROC) showed that non-responders could be distinguished from responders
by an index composed of FM symptoms combined with neuroplasticity markers (area under the
curve (AUC) = 0.83, sensitivity = 100% and specificity). = 98%). The second study evaluated
IFC patterns between brain pain processing networks and DPMS using rs-fMRI in FM patients.
In addition, we investigated whether the connectivity pattern between the primary
somatosensory cortex and the periaqueductal gray is related to clinical symptoms in CPM-test
responders or non-responders. In this study, 33 women with FM were classified as non-
responders (n=13) or responders (n=20) to the CPM test. In the analysis that compared
responders and non-responders with a generalized linear model (GLM), we identified that non-
responders showed a decrease in IFC between the PSC and the PAG [(32 =10.41, DF =1 p <
0.001)]. IFC S1-PAG in the left cerebral hemisphere was positively correlated with levels of
central sensitization symptoms and negatively correlated with sleep quality and pain scores.
ROC analysis showed that the IFC between S1-PAG offers sensitivity and specificity of 85%
or greater [AUC 0.78, 95% confidence interval (Cl), 0.63-0.94] to discriminate responders from
non-responders. Respondents to the CPM test. Findings from these studies show that cardinal
symptoms of FM and neuroplasticity markers predict DPMS dysfunction and resting-state IFC
patterns in S1-PAG may be potential markers for predicting CPM task response. These data can
help identify profiles for individualized treatment planning for patients with fibromyalgia.
Keywords: fibromyalgia; descending modulatory system; chronic pain; neural

interconnection; magnetic resonance imaging, functional; functional neuroimaging.
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1 INTRODUCAO

A fibromialgia (FM) é uma doenca que se caracteriza por dor generalizada, sono nao
reparador, alteracbes de humor, prejuizo cognitivo e fadiga que perduram ha pelo menos trés
meses (1). Ela afeta até 10% da populacdo mundial, principalmente do sexo feminino, segundo
dados do American College of Reumatology. Conforme o Center for Disease Control, pacientes
com FM séo hospitalizadas uma vez a cada trés anos e gastam trés vezes mais com salde do
que individuos com outras doencas sem fibromialgia. Os dados sobre dor cronica no Brasil
apontam a FM como a segunda causa de dor cronica, precedida apenas pela osteoartrite (2).

Embora sua fisiopatologia ndo esteja bem elucidada, os sintomas devem-se a um
conjunto de processos neurobioldgicos disfuncionais permeados por mecanismos neuro-imune-
enddcrinos, que levam a sindrome de sensibilizacdo central (SSC). O desbalanceamento entre
0s mecanismos de excitagdo/inibicdo sustenta essa condicdo de dor, classificada na categoria
de dor nociplastica, que se define por dor generalizada sem outra causa e com importante carga
emocional. Os sintomas que fazem parte da SSC envolvem diversos mecanismos, como o wind
up, potenciacdo de longo prazo, facilitacdo de longo prazo e enfraquecimento do sistema
modulatério descendente da dor (SMDD) (3). Esse sistema de modulacdo descendente
contrarregula o efeito dos estimulos algogénicos. Dessa forma, simultaneamente ao
processamento ascendente da dor, as vias modulatérias descendentes enviam sinais de
facilitacdo e inibicdo do encéfalo para a medula espinhal e, na sequéncia, para a periferia,
aumentando ou inibindo os sinais nociceptivos ascendentes (4), podendo exercer um controle
bidirecional sobre a nocicepgdo. As vias descendentes da dor se originam de distintas areas
encefélicas, entre elas, a substancia cinzenta periaquedutal (do inglés, periaquedutal gray
matter [PAG]), o nucleo magno da rafe (5,6) e as estruturas adjacentes do bulbo rostral
ventromedial (do inglés, rostral ventromedial medula [RVM]) (7). No que Ihe concerne, 0s
cortices pre-frontal, cingulado anterior (do inglés, anterior cingulate cortex [ACC]) e a
amigdala, com projegdes para a PAG, organizam as influéncias inibitorias e facilitatorias da
RVM no processamento nociceptivo espinal (8,9). Essa via de modulagdo descendente da dor
recebe 0 nome de via espinobulboespinal (6). As vias descendentes inibitorias envolvidas nesse
processo sdo as serotoninérgicas, GABAEérgica, adenosinérgica, opioidérgica e noradrenérgica
(10-12). As projecOes noradrenérgicas descendentes para o corno dorsal da medula espinhal (do
inglés, dorsal horn of spinal cord [DHSC]) surgem dos grupos celulares adrenérgicos A5, A6

(locus coeruleus, LC) e A7, e essas regides se comunicam com a RVM e PAG. Assim, essas
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projecBes noradrenérgicas formam um importante componente da modulagdo da dor
descendente por inibir a transmissdo nociceptiva (13,14). Logo, todas essas vias modulam a
entrada sensorial de fibras ascendentes e dos neurbnios de projecdo do DHSC e ativam
comportamentos reflexos protetivos que influenciam a percepc¢éo da dor (6).

Esses sistemas fazem parte dos processos neurobioldgicos de inibicdo das vias
descendentes da dor. Seu papel nos mecanismos enddgenos de controle de dor teve inicio com
estudos em animais anestesiados, e foi denominado controle inibitério difuso nociceptivo
(diffuse noxious inhibitory controls, DNIC) (15). O DNIC é um fenémeno fisiologico descrito
em animais no final da década de 70. Ele propde que estimulos dolorosos possam desempenhar
efeitos inibitérios sobre outros estimulos, sejam eles dolorosos ou ndo dolorosos (16). No
entanto, estudos subsequentes mostraram que, quando sao aplicados estimulos dolorosos em
humanos conscientes, ocorre a ativacao de outros mecanismos de modulacao da dor, como, por
exemplo, a distragdo (17). Entéo, a partir do ano de 2010, foi proposta a inclusdo de um novo
termo - conditioned pain modulation (CPM) (17). Na verdade, a CPM incluiu o DNIC e outros
processos envolvidos na modulacdo da dor. A CPM avalia a resposta das vias endogenas
descendentes inibitérias da dor, sendo que a chamada CPM-task (tarefa da modulagédo
condicionada da dor) engloba os testes psicofisicos da dor em humanos e envolve o fenémeno
DNIC. Ela ¢é desencadeada pela aplicacdo de um estimulo teste (EO), definido a priori como
suficiente para desencadear um escore de dor 6/10 na escala numérica verbal de dor (NPS 0-
10). Na sequéncia, aplica-se 0 mesmo estimulo que produza o escore de 6/10 na NPS,
concomitantemente a um estimulo teste nociceptivo utilizado em uma area remota do corpo
(heterotdpico), denominado de estimulo condicionante (E1) (18). O estimulo condicionante
(E1) ativa fibras nociceptivas A-6 e C e induzird uma diminui¢do na percepcao da sensacdo de
dor ao estimulo teste (16,15,19). Esse fenbmeno é também conhecido como contrairritacdo
(uma dor inibe outra dor) (20). A CPM ¢ estimada pelo valor de delta (A), subtraindo o escore
da medida E do valor 6 que definiu o estimulo TO, suficiente para produzir escore na NPS 6/10.
Quando o valor da medida do E1 subtraido do escore seis (6/10) for negativo, esse resultado
indica que o sistema modulador descendente da dor é eficaz; quando esse valor for zero,
significa auséncia de funcdo; quando der positivo, indica efeito de somagéo (21).

Contudo, o teste de CPM apresenta limitagdes, dadas as variagdes entre os paradigmas
aplicados, a sobreposicdo de condi¢des de dor com diferentes fisiopatologias e os distintos

protocolos para critérios de diagndstico da doenga ao longo do tempo (22). Assim, € pertinente



20

identificar marcadores substitutos, abrangentes e clinicamente relevantes para avaliar a
disfun¢do do SMDD. Segundo dados cumulativos, o estudo da neuroplasticidade maladaptativa
na dor cronica vem sendo complementado com o estudo da conectividade funcional intrinseca
(CFI) com o eletroencefalograma, fNIRS (do inglés, functional near infrared spectroscopy
[fNIRS]) e a ressonancia magnética funcional (do inglés, functional magnetic resonance
imaging). Entre essas tecnologias, o estudo de ressonancia magnética funcional em estado de
repouso (do inglés, resting-state [fMRI]), que avalia as flutuagdes cerebrais espontineas de
baixa frequéncia em regides de interesse sem a utilizacdo de estimulos ou tarefas, ¢ a técnica
eleita para avaliagdo da CFI. Ela investiga a ativagdo sincronica de regides espacialmente
distintas para identificar as conexdes em estado de repouso sem requerer a cooperacao do
paciente ou quaisquer intervengdes (23,24). Os resultados da CFI possuem potencial de
aplicagdo clinica e tém sido demonstrados em diversas patologias neuropsiquiatricas (25). De
forma geral, individuos com sindrome de sensibilizacdo central (SSC) apresentam maior
ativagao das areas corticais relacionadas a neuromatriz da dor e uma menor ativacao naquelas
relacionadas ao SMDD; contudo, esses achados ndo sdo undanimes na literatura e diferem entre
as diversas etiologias da SSC (26). Ademais, pacientes com dor cronica também apresentam
alteragOes funcionais em estruturas nao diretamente relacionadas a neuromatriz da dor, como
os hipocampos, nucleo accumbens, amigdala e cortex do cingulo anterior (do inglés, anterior
cingulate cortex [ ACC]), sendo primariamente envolvidas em circuitos limbicos, corroborando
para o entendimento das manifestagdes afetivo-emocionais desses pacientes (27).

E importante ressaltar que as alteracdes na CFl em pacientes com dor cronica é um
processo dindmico e potencialmente reversivel. Estudos de neuroimagem demonstram que
pacientes com FM tratadas com inibidores da recaptacdo de serotonina e noradrenalina
demonstraram reducdo na sensibilidade a dor e aumento da atividade cerebral em éareas
relacionadas ao SMD, cértex do cingulo posterior (do inglés, posterior cingulate cortex, PCC)
e pré-cuneo (28). Pacientes com osteoartrite tratadas com diferentes modalidades de exercicio
fisico apresentaram redugéo na conectividade entre a PAG — a principal area envolvida no SMD
(29) — e o cortex pré-frontal orbitario medial, sendo essa redugdo associada a melhora clinica e
maior volume de substancia cinzenta no cortex pré-frontal orbital medial (30).

A partir do exposto, e considerando que a matriz das linhas de investigacdo do
Laboratorio de Dor & Neuromodulagdo (do Hospital de Clinicas de Porto Alegre
[HCPA]/Universidade Federal do Rio Grande do Sul [UFRGS]) estdo voltadas para a
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compreensdo da fisiopatologia da dor cronica, em especial da FM, avaliamos dois subgrupos
de pacientes com FM: um, com o SMD funcional (respondedoras ao CPM-test), e, outro, com
0 SMD disfuncional (ndo respondedoras ao CPM-test). Aqui, apresentamos dois estudos com
objetivos complementares: no primeiro, exploramos se a gravidade dos sintomas
frequentemente encontrados na FM pode predizer a disfuncdo do SMDD, facilitando o seu
diagndstico clinico; o segundo, teve como objetivo comparar os padroes de CFI através da
técnica de rs-fMRI entre as estruturas corticais e subcorticais e a PAG em pacientes com FM,
segundo os subgrupos respondedoras e ndo respondedoras ao CPM-test.

Este trabalho estd apresentado conforme as normas do Programa de P6s-Graduacéo
em Medicina: Ciéncias Médicas da Faculdade de Medicina da Universidade Federal do Rio
Grande do Sul e originou um artigo publicado no British Journal of Pain (com indice de
impacto de 1,67; Anesthesiology and Pain Medicine - quartil igual a 2) outro artigo submetido
ao Korean Journal of Pain (indice de impacto igual a 2,9; Anesthesiology and Pain Medicine -

quartil igual a 2).
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2 REVISAO DA LITERATURA

2.1 ESTRATEGIAS DE BUSCA

Os estudos nos idiomas espanhol, inglés e portugués e publicados entre 2006 e 2022
foram selecionados nas bases eletronicas de dados PubMed/Medline, Lilacs/Bireme, Scielo e
Embase.

Empregaram-se os seguintes descritores, conforme o Medical Subject Headings:
ressonancia magnetica funcional (fMRI), ressondncia magnética funcional em estado de
repouso (resting-state-fMRI; rs-fMRI), fibromyalgia (FM), descending modulatory system e
conditioned pain modulation-task (CPM-task).

Quando necessério, foram utilizadas referéncias especificas de artigos identificados.

Para cada base, utilizaram-se os seguintes filtros: a) Scielo - tipo de literatura (artigo);
b) Lilacs/Bireme - tipo de literatura (artigo), tipo de estudo (estudo de casos e controles, relato
de casos e revisdo sistematica) e limites (feminino, humanos, adulto); ¢) PubMed/Medline -
desenho do estudo (observacional, revisdes, revisdes sistematicas), em seres humanos do sexo
feminino, adultos (entre. 19 e 44 anos) e adultos de meia idade (45-64 anos); e d) Embase -
estudos em seres humanos, transversais, prospectivos, caso controles e revisdes, participantes
adultos de 19 a 64 anos.

A seguir, foi criada uma tabela com o numero total de artigos encontrados a partir das
palavras-chave nas diversas plataformas de busca. O projeto foi desenvolvido com os artigos
que melhor preencheram as necessidades metodoldgicas e tedricas.



Tabela 1 - Estratégia de busca
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Descritores PubMed Lilacs/Bireme Embase Scielo
46 0 114 8
Fibromyalgia AND rs-fMRI
Fibromyalgia AND fMRI 325 2 446 0
Fibromyalgia AND descending modulatory system 15 0 19 0
Fibromyalgia AND descending modulatory system AND 3 0 2 0
CPM-task
descending modulatory system AND fMRI 58 3 64 4
descending modulatory system AND rs-fMRI 22 0 31 0
descending modulatory system AND fibromyalgia 15 0 19 0
Descending modulatory system AND fibromyalgia AND 5 0 5 0
fMRI
CPM-task AND fMRI 0 0 3 0
CPM-task AND fibromyalgia 4 0 4 0
CPM-task AND descending 10 0 11 0

modulatory system

2.2 ASPECTOS EPIDEMIOLOGICOS, CLINICOS E CONCEITUAIS DA

FIBROMIALGIA

Fonte: Elaboracdo propria

No século XX, Melzack & Wall, reavaliando as teorias da especificidade e da

somacdo, concluiram que a primeira estava solidamente embasada em evidéncias fisioldgicas,
a partir de estudos em sistema nervoso especializado, e que 0 mesmo ndo ocorria com a
pressuposicao psicologica, de que a sensacao era conduzida por uma via de comunicacao fixa
da pele ao cérebro. As evidéncias cientificas ndo sustentaram a hipotese de uma
proporcionalidade entre a intensidade do estimulo e a percepgdo da dor, mas sugeriram que a
qualidade da dor percebida é determinada por muitas variaveis fisioldgicas e psicoldgicas. A
dor ndo seria exclusivamente causada pela atividade neural em vias nociceptivas, mas resultaria
da interacdo das atividades de varias regides do sistema nervoso, cada qual com sua fungéo

especializada. Segundo a International Association for the Study of Pain, a dor é definida como
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uma experiéncia sensorial e emocional que apresenta quatro componentes: sensorio-
discriminativo, cognitivo-avaliativo, afetivo-motivacional e social (1). Torna-se crénica quando
existe de forma continua ou recorrente durante pelo menos trés meses. A dor crénica é sempre
mal adaptativa — mesmo a dor secundaria, pois ocorrem mudancas nos circuitos neurais de
processamento, com consequente percepcdo amplificada da dor mesmo na auséncia do
estimulo. A Figura 1 apresenta o conceito de dor como um fendmeno multidimensional,
resultante de processos disfuncionais, envolvendo aspectos anatémicos, bioquimicos,

moleculares, neurocognitivos e sociais.
Figura 1 - Dor como um fenémeno além da nocicepcéo

Plasticidade
mal adaptativa

i

Afetivo Sensorial

Cognitivo Social

Fonte: Elaboracdo propria

O termo fibromialgia foi cunhado apenas em 1976, ap6s a descri¢do e definicao da
localizacdo dos tender points. Atualmente, o diagndstico envolve o conceito de dor difusa e
aborda sintomas como fadiga, sono ndo reparador e alteracdes cognitivas, podendo ser
concomitante a outras patologias, como osteoartrite ou artrite reumatoide (31). A FM ocorre
em até 10% da populacio e atinge grupos de todas as idades, etnias e culturas. E sete vezes
mais comum em mulheres do que em homens, com um impacto importante na qualidade de
vida do paciente. Nos EUA, por exemplo, 15% destes pacientes recebem beneficios por serem

considerados incapacitados ao trabalho em decorréncia da dor. Entre as comorbidades
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associadas a FM estdo a depressao, ansiedade, sindrome do cdlon irritavel, sindrome da fadiga
cronica, cistite intersticial e a dismenorreia (32-34). Estudos realizados — inclusive pelo
Laboratorio de Dor & Neuromodulacdo — evidenciam a importante influéncia do sono e da
ruptura do seu ritmo a menor tolerancia a dor (35).

Define-se FM por dor musculoesquelética cronica e difusa presente durante mais de
trés meses, localizada nas partes superiores e inferiores do corpo. Possui varios sintomas
associados, entre os quais disturbios do sono, fadiga, rigidez matinal, alodinea, hiperalgesia,
catastrofismo e disfuncées afetivas (depressdo e ansiedade) ou cognitivas. Cerca de 90% dos
pacientes com FM apresentam alteracdes de sono, uma prevaléncia trés vezes superior aquela
encontrada em individuos normais. Os mecanismos que permeiam os sintomas da FM séo
disfuncionais, visto que ndo existem danos estruturais em nivel do sistema nervoso central ou
periférico que justifiquem os sintomas (36,37). Na Classificacdo Internacional de Doencas-11,
a FM passou a ser classificada como uma doenga.

A fisiopatologia da FM ndo estd completamente definida e é extremamente complexa.
Observa-se a existéncia de varios distarbios sensoriais, neuro-imune-enddcrinos envolvidos no
processo desta doenca. De forma bastante sucinta, hA comprometimento em varios sistemas do
organismo, tais como diminuicdo dos niveis de cortisol, regulacdo anormal do hormdnio do
crescimento, diminuigdo de serotonina, aumento dos niveis de substancia P e NGF no liquor,
sensibilizagdo central, disfuncdo do SMDD, além de polimorfismos de genes dos sistemas
serotoninérgicos, dopaminérgicos e catecolaminérgicos (38,39). O sistema opioidérgico é outro
sistema que parece estar envolvido nos pacientes fibromialgicos, que apresentam reducédo da
disponibilidade de receptores p-opioides em regides cerebrais que normalmente modulam a
dor, especificamente o nlicleo accumbens, o cingulo anterior e a amigdala, justificando a
ineficiéncia do uso terapéutico de opioides nesses pacientes. A concentracdo de encefalina no
liquor € trés vezes superior a de pacientes saudaveis, com franca ocupagéo de receptores -
opioides nos ganglios da base (40). Também a atividade serotoninérgica, noradrenérgica e
dopaminérgica costuma estar diminuida, havendo uma reducdo na dosagem liquorica desses
neurotransmissores (4,5). Esses dados sugerem que respostas inadequadas ao CPM-task,
portanto, no SMDD, sdo decorrentes de disfuncGes nesses sistemas, e ndo no sistema
opioidérgico (41). Sugere-se, também, que a baixa secre¢do de melatonina na FM desempenha
um papel na falta de sono restaurador (42) e na desregulacao do cortisol (43), contribuindo para



26

uma carga alostética, caracterizada pela disfuncdo do sistema nervoso simpatico e incapacidade
geral do sistema para se adaptar as mudancas (44).

Dois marcadores séricos de neuroplasticidade tém ganhado destaque: o fator
neurotrofico derivado do cérebro (BDNF) e a proteina S100 beta (S100B). O BDNF, a
neurotrofina mais abundante e amplamente distribuida no sistema nervoso central e periférico,
é conhecido por estar envolvido no crescimento axonal, plasticidade sinaptica e reparo neuronal
(45). A atividade neuronal regula a transcri¢do do gene BDNF, o transporte da proteina mRNA
do BDNF em dendritos e a secrecdo de BDNF (46). A proteina S100B marcadora glial pode
ser liberada ativamente das células gliais, ou seja, oligodendrdcitos e astroglia (47,48), e esta
elevada durante episodios depressivos maiores e diminuida apds tratamento bem-sucedido (49).
De acordo com um estudo anterior, descobrimos que os niveis séricos de S100B eram mais
baixos na FM do que nas condicBes de dor cronica com danos estruturais significativos (por
exemplo, osteoartrite e endometriose). Em contraste, os niveis séricos de BDNF foram maiores
na dor crénica com dano tecidual escasso (por exemplo, FM, cefaleia tensional cronica e dor
miofascial) (50). Além disso, a disfuncdo no SMDD foi mais significativa na dor crénica com
lesdo tecidual escassa (por exemplo, FM) em comparagdo com a osteoartrite (51).

O tratamento da FM ¢é desafiador e tdo complexo quanto a propria doenca. Envolve
uma abordagem multimodal intensa, com psicoterapia, atividade fisica aerdbica e
alongamentos, e medidas farmacoldgicas sintomaticas, como analgésicos simples, bem como
medicamentos utilizados com o intuito de agir na génese da doenca — antidepressivos e
anticonvulsivantes. A adesdo do paciente a terapéutica é igualmente desafiadora, visto que a
condicdo é cronica e usualmente os objetivos do paciente frente ao tratamento diferem do
considerado como resposta terapéutica (38). As evidéncias mais fortes recomendam o uso de
antidepressivos triciclicos e duais, com menor efeito para os inibidores seletivos da recaptacédo
da serotonina. Uma das principais justificativas bioquimicas para o uso dos triciclicos esta no
seu efeito no SMDD da dor. O efeito desses farmacos é considerado moderado. Em relacéo aos
anticonvulsivantes, apenas gabapentina e pregabalina possuem alguma acdo no tratamento
dessa condicdo. Entre as técnicas ndo farmacologicas, a estimulagdo transcraniana de corrente
continua (ETCC) tem demonstrado resultados promissores (52-54). Frente a complexidade dos
processos fisiopatologicos e a variabilidade da resposta aos tratamentos, € importante que se

investigue o potencial de marcadores relacionados a areas envolvidas no processamento da dor
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e a0 SMDD, uma vez que pacientes onde esse sistema é disfuncional apresentam maior

gravidade clinica e refratariedade terapéutica.

2.3 MECANISMOS CENTRAIS DA DOR E O SISTEMA MODULATORIO
DESCENDENTE

O conjunto de estruturas ativadas por um estimulo doloroso chama-se neuromatriz da
dor. Esse conceito baseia-se na defini¢do desenvolvida por Ronald Melzack, que propés que as
sensacOes de cada area do corpo seguem uma rede neural definida e atingem diversas areas
cerebrais especificas. O desenvolvimento desse conceito representou um avanco importante,
visto que anteriormente fendbmenos cognitivos e emocionais associados & dor eram entendidos
como reacgdes, e ndo como componentes dela. Em 1968, Melzack & Casey abordaram as
interrelacbes das dimensdes sensoriais, afetivas e cognitivas da dor, o que favoreceu a
compreensdo do seu aspecto multidimensional. Técnicas de estudo funcional, como a
tomografia por emissdo de positrons, permitiram a visualizacdo das areas relacionadas a dor e
corroboraram a existéncia da neuromatriz da dor (55,56). Neste capitulo, descreveremos de
forma suscinta 0s mecanismos centrais para o entendimento da neurofisiologia e patogénese da
dor cronica.

Quando o estimulo atinge o limiar de dor, ativa terminagdes nervosas denominadas
nociceptores. A sequéncia de eventos para o processamento do estimulo nociceptivo engloba
guatro momentos: transducao, transmissao, modulacdo e percepcdo. A transducdo ocorre pela
ativacdo dos terminais nociceptivos, divididos entre receptores mecanicos, térmicos ou
quimicos (57). Apo6s a transducdo, ocorre a transmissdo pelos axdnios do primeiro neurénio no
ganglio da raiz dorsal que se conecta ao segundo neurénio no corno dorsal da medula, onde
fazem sinapse com neurdnios das ldminas Il e 1V. As fibras A-6 transmitem o estimulo com
mais velocidade, sendo responsaveis pela “primeira dor”, aguda e bem localizada, enquanto as
fibras C conduzem a dor caracterizada como segunda dor (dor dolente), descrita como sensagéo
de queimacdo ou ardéncia (57). As fibras A-a. e A-P sdo miclinizadas e grossas, caracterizadas
por conducdo rapida de estimulos com baixo limiar, ndo nociceptivos, como o tato e
propriocepcao, e, apesar de ndo estarem envolvidas na percepgdo nociceptiva da dor fisioldgica,
em condicGes de dor patologica como na dor cronica, podem ser recrutadas e passam a
transmitir sinais percebidos como dor, como ocorre no fenémeno da alodinia (58). As vias do

sistema espinotalamico conectam o segundo com o terceiro neurdnio, que se localiza no talamo.
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A via neoespinotalamica é mais veloz e formada a partir de neur6nios da ldamina | e 11 do corno
dorsal da medula, conduzindo estimulos nociceptivos aos nucleos talamicos ventral posterior e
lateral posterior. Por fim, o estimulo é transmitido ao quarto neurénio no cortex
somatossensorial primario (do inglés, primary somatossensorial cortex [PSC, ou S1]), onde
ocorre 0 processamento das informagdes nociceptivas manifestas como dor, com definicéo da
area da dor e da sua intensidade (55,59). A via paleoespinotalamica, também conhecida como
espinoreticular, é formada por neurbnios da camada V e transmite a informacdo ao nucleo
reticular, hipotalamo e tadlamo medial, com projecbes para o cértex pré-frontal (do inglés,
prefrontal cortex [PFC]), giro do cingulo, opérculo parietal medial e insula (INS). O
processamento dentro desse sistema complexo define a percepcdo do estimulo, que recebe
codificacdo emocional e cognitiva da sensacdo dolorosa (57). A Figura 2 ilustra as principais

vias de transmissdo da dor.

Figura 2 - Representacdo das vias de transmisséo da dor
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Adaptado de Hoffman, Harrington, Fields (60)

No corno dorsal da medula, o estimulo sofre a acdo de elementos centrais, de natureza
excitatoria e inibitoria, concomitantes e concorrentes, modulando a passagem do estimulo

nociceptivo do primeiro neurénio para o segundo neurdnio (61). O entendimento dos
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componentes dessa modulagdo, conhecida como SMDD, é fundamental para a compreensao
dos mecanismos centrais da dor. Quando integras, essas vias podem ativar interneurénios
inibitdrios do corno dorsal e bloquear a transmissao do estimulo, atuando concomitantemente
junto ao processo de transmissdo ascendente da dor. Fazem parte desse sistema vias
opioidérgicas, serotoninérgicas, noradrenérgicas e gabaérgicasm (50). Os principais
componentes desse sistema parecem estar no tronco cerebral.

A PAG é a primeira regido cerebral que ativa o SMDD, ao receber estimulos de centros
cerebrais superiores, como a regido ventrolateral do cortex frontal, ACC, insula posterior
(pINS), amigdala e cortex motor priméario (M1) (9,20,62), mediante o envolvimento dos
neurotransmissores noradrenalina (NA) e serotonina (5-HT). Apds, as vias se associam ao
RVM, especificamente, o ndcleo magno da rafe (NMR) (61), que encaminha fibras
serotoninérgicas e noradrenérgicas, via funiculo dorsolateral, para o corno dorsal da medula
espinal (laminas I, Il e V), resultando em inibicdo dos neurdnios nociceptivos, dos
interneurdnios e dos tratos ascendentes espinotalamico, espinorreticular e espinomesencefalico
(56). Essas estruturas exercem influéncias tanto excitatorias quanto inibitorias (63). A PAG é
também considerada como fonte de inputs nociceptivos de inibicdo, mediados por opioides, que
se conecta ao nucleo parabraquial, além de receber informacdes de regides corticais como ACC,
que provavelmente se relaciona a inibicdo enddgena top down ou descendente (63). A PAG
envia projecdes para nucleos pontinos noradrenérgicos e para 0 RVM, resultando em inibigdo
em nivel espinal através da liberacdo de norepinefrina e serotonina (64).

O RVM se comunica com o LC, que € o maior produtor de NA do SNC (65), e com 0
tdlamo (que também envia informacbes a amigdala), sendo considerado o sitio final da
modulacdo descendente dos inputs nociceptivos (63). Além disso, a modulacdo da dor resulta
de um equilibrio dindmico entre inibicéo e facilitacdo, que € influenciada por fatores bottom up
(ascendente), como sistema imune e fatores quimicos, e top down (descendente), como
hipervigilancia, catastrofizacdo da dor, depresséo e ansiedade (66). Ademais, a percepcao da
dor estaria relacionada a maior ativacdo de areas associadas a aspectos afetivos do
processamento da dor, como INS contralateral, PFC e talamo, no sexo feminino, o que
promoveria sua maior percepcdo (67). Embora se suponha que os efeitos inibitdrios tipicos
sejam mediados por uma al¢a espinobulboespinal, ou seja, PAG e RVM, evidéncias sugerem
que regibes cerebrais adicionais estdo associadas a eficiéncia do SMDD. Estudos de

neuroimagem em individuos saudaveis demonstraram relac@es entre a eficiéncia do CPM e a
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conectividade funcional em estado de repouso (rsFC) de pontos de referéncia moduladores da
dor, por exemplo, 0 ACC e o cértex PFC (68).

A Figura 3, adaptada do artigo Central Modulation of Pain (62), demonstra o estimulo
chegando ao corno dorsal da medula pelo aferente primario e ascendendo para o tdlamo e areas
corticais apés enviar informacdes para o nucleo dorsal reticular, RVM, LC e PAG. Em suma, a
PAG apresenta conexdes diretas e indiretas com 0s componentes somatossensoriais e afetivo-
atencionais da dor (3,69,70), assim como com projecdes descendentes para 0s neurdnios do

corno dorsal espinal para modular as informaces de transmissao da dor (71).

Figura 3 - Sistema modulatoério descendente da dor
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ACC: cortex cingulado anterior; PFC: cortex pré-frontal; PAG: substancia cinzenta periaquedutal;

RVM: bulbo rostroventral medial.

Diversos estudos com neuroimagem demonstraram que a neuromatriz da dor apresenta
essencialmente dois componentes principais, o sistema lateral e o medial. O sistema lateral esta
associado com o aspecto sensorio-discriminativo da dor, sendo formado pelo ndcleo lateral do
talamo, PSC, cdrtex somatossensorial secundario (S2) e pINS. O sistema medial esta associado

com o aspecto afetivo-emocional da dor e inclui o nucleo medial do tdlamo, o ACC, a insula
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anterior (aINS) e o PFC. Além disso, outras areas, como a amigdala, giro pré-central, area
motora suplementar, cerebelo, opérculo, lobo parietal inferior, giro temporal superior e cortices
de associacdo parietal também foram identificadas na literatura, com frequéncia variavel, como
associadas ao processamento do estimulo doloroso (72,73). Outro componente fundamental da
neuromatriz da dor é a memoria da dor. Ela envolve a ativacdo do cértex frontal, cingulado
perigenual, pré-frontal anterolateral e temporal. Observa-se sua existéncia quando ha sensacéo
subjetiva de dor ao ver outra pessoa em sofrimento; estudos de neuroimagem mostram ativacdo

dessas areas sem o envolvimento das areas anteriormente descritas (59).

2.4 SINDROME DE SENSIBILIZA(}AO CENTRAL

A SSC refere-se, basicamente, a amplificacdo da dor pelo sistema nervoso central,
decorrente de alteracGes neuroplasticas e maladaptativas que promovem desequilibrio entre
facilitacdo e inibicdo da dor, acarretando aumento na percep¢éo do estimulo algico, hiperalgesia
secundaria e alodinea (74). A SSC caracteriza-se por sintomas incapacitantes, como dor e
fadiga, na auséncia de patologia evidente, e inclui a FM, sindrome da fadiga cronica, sindrome
do intestino irritdvel, vulvodinea, desordens da articulacdo temporomandibular, entre outras
(75). Apesar das diferencas descritivas entre esses transtornos, ha muita semelhanca
epidemioldgica entre eles, incluindo predominancia do sexo feminino, aumento de
comorbidade médica e psiquiatrica concomitante e impacto na qualidade de vida relacionada a
salde.

A SC foi classicamente descrita como consequéncia de estimulos continuos
nociceptivos no corno dorsal da medula que, progressivamente, até areas mais centrais do
sistema nervoso, acarretava disfuncdo entre sinapses glutamatérgicas (excitatorias) e
gabaérgicas (inibitorias) (76). Os aferentes primarios, constantemente ativados, secretam
glutamato de forma continua no corno dorsal da medula associado a substancia P, a qual diminui
o limiar de ativacdo do neurdnio de segunda ordem ou de projecdo. A existéncia de glutamato
em associacao a substancia P permite a abertura de canais n-metil-d-aspartato (NMDA) de
glutamato, que originalmente se encontram fechados através do ion magnésio (77). Com a
remogdo do magnésio, ha influxo de célcio na célula e uma forma de ativacdo muito mais
intensa do que a classica despolarizagéo através do simples influxo de sodio. O calcio também
ativa receptores do tipo NK1 e mGlut, além de fosforilar canais de membrana, promovendo

transcrigdo de proteinas no ndcleo neuronal e a producdo de mais NO e prostaglandinas, e assim,
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novamente, a retroalimentagdo positiva do sistema (71). As moléculas de NO e de
prostaglandinas saem da célula e difundem-se para o meio extracelular, ativando outras sinapses
vizinhas e aumentando a area receptiva do estimulo algico — hiperalgesia. Individuos com SC
apresentam alteragdes neuroquimicas, incluindo niveis aumentados de neurotransmissores
excitatorios (por exemplo, glutamato) e niveis diminuidos de neurotransmissores inibitorios
(por exemplo, acido y-aminobutirico) na INS (78).

As células da glia microglia e macroglia (subdividida em oligodendroglia,
epindimdglia e astroglia) sdo fundamentais na manutencdo dos processos de dor cronica. A
ativacdo dessas células promove a liberacdo de outros mediadores de inflamacdo, que
sensibilizam ainda mais os neurdnios de segunda ordem e colaboram com a apoptose dos
interneurdnios inibitorios (79). A estimulacdo frequente, porém, ndo sincrénica, nociceptiva
leva ao aumento da resposta das fibras Ad e C através da liberacdo de glutamato, aspartato,
peptidios e neurotrofinas no corso dorsal a medula, fenébmeno conhecido como potenciacdo
homossinaptica. Causa também ativacdo de eferentes ndo estimulados e normalmente ndo
envolvidos na dor, como as fibras Ab, levando a potenciacéo heterossinaptica. Esse € 0 processo
classico de sensibilizacdo sinaptica. Ha envolvimento de segundos mensageiros, proteina
quinase e varias outras substancias que irdo fazer com que ocorra o influxo de célcio na célula
e, assim, producdo de NO e prostaglandinas, liberacdo de glutamato, substancia P e CGRP,
ampliando ainda mais o processo algico (79).

Nos neurbnios pos-sindpticos medulares (segunda ordem), que estdo com seus
terminais embebidos por diversos neurotransmissores excitatérios (entre eles o glutamato,
substancia P e neurocicina), ha ativacdo de proteina G e fosforilacdo de proteinas C. Essas
liberam célcio que estava armazenado dentro do préprio neurdnio, estimulam producdo de
diacilglicerol e ativam proteinas que modulam a atividade de canais i6nicos. Dessa forma, ha
mais receptores NMDA na fenda sinaptica e ainda maior resposta aos estimulos excitatérios
(62,80). Com a repeticdo do estimulo de baixa frequéncia por tempo prolongado, ha somacao
de potenciais sinapticos evidenciada pelo aumento da eficacia sinaptica e pela diminuicdo do
limiar de ativagdo neuronal. A remogdo do bloqueio voltagem-dependente do magnésio nos
receptores NMDA estéa envolvida novamente nesse tipo de CS que acontece em neurénio WDR
das fibras C (77,79). Clinicamente, esse fendmeno é observado em sintomas como alodinea e

hiperalgesia.
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Estimulos nociceptivos breves e de alta frequéncia oportunizam o surgimento de outro
tipo de CS, a potenciacdo de longa duracgdo. Os principais receptores envolvidos nesse processo
sdo 0 AMPA e NK1. A resposta pos-sinaptica € prolongada. As mesmas cascatas intracelulares
da sensibilizacao sinaptica classica sao ativadas, porém com o adendo da formacéo de genes c-
fos, c-jun, enzimas COX-2 e genes de resposta lenta para pro-dinorfina e receptores NK1 e trkB
(62).

Apesar dos mecanismos de SC acima serem bastante estabelecidos, cada vez mais se
reconhece que a SC pode ocorrer independentemente de lesdo ou inflamacéo periférica e reflete
a plasticidade das vias nociceptivas centrais, incluindo os componentes da neuromatriz da dor
e do SMDD (74). Postula-se que existam diferencas neurobiolégicas entre pacientes com dor
crbnica com mecanismos centrais de dor top-down, onde esta presente uma sensibilidade
aumentada a uma variedade de estimulos sensoriais dolorosos e ndo dolorosos, e agueles com
mecanismos de dor central bottom-up, tradicionalmente referidos como SC, onde apenas o
processamento da dor pode ser aumentado. Isso é apoiado pelo fato de estudos de imagem
funcional demonstrarem que a INS, que também desempenha um papel na integracédo
multissensorial, € mais ativada na maioria dos individuos com SC top-down (74). Entre as
sindromes relacionadas a SSC decorrentes de evento top-down encontram-se a FM, sindrome
de fadiga cronica, sindrome do intestino irritavel, desordens da articulagdo temporomandibular
e sindrome de vulvodinea (75).

De forma geral, individuos com SSC apresentam maior ativacdo das areas corticais
relacionadas a neuromatriz da dor, e uma menor ativacdo naquelas relacionadas ao SMDD.
Contudo, esses achados ndo sdo unanimes na literatura e diferem entre as sindromes de SC top-
down acima descritas (26). Eventualmente, a cronificagdo dos quadros de SSC leva a um
processo de neurodegeneracao (81). Alem disso, diversos fatores afetam as areas de ativacdo
da neuromatriz da dor, sendo um deles o género. Ha evidéncias de diminuicdo da ativacdo nos
cortices S1, parietal e INS em mulheres em comparacdo aos homens, enquanto mulheres
exibiram respostas mais fortes no ACC. Sugere-se, portanto, que o processamento de estimulos
dolorosos antecipados e experimentados é mais forte nas mulheres, em comparagdo com 0s
homens (82).

Experimentalmente, a SSC pode ser avaliada através do questionario Inventario de
Sensibilizagao Central (Brazilian Portuguese Central Sensitization Inventory), onde escores

mais altos sdo indicativos de sintomas graves. O questionario possui 25 itens e um escore total



34

que varia de 0 a 100, avaliando a presenca de sintomas fisicos, sofrimento emocional, cefaleia
e sintomas uroldgicos. A parte B do teste avalia distarbios psiquiatricos e neuroldgicos
relacionados a SC (83). A Figura 4 sumariza a integracéo dos conceitos de carga alostatica, SC

e neuroplasticidade maladaptativa.



35

Figura 4 -Carga alostética, sensibilizacdo central e neuroplasticidade maladaptativa
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2.5 TESTE/TAREFA DE MODULACAO CONDICIONADA DA DOR (TESTE CPM)

Experimentalmente, a modulagdo inibitoria descendente pode ser avaliada por meio

do paradigma “dor inibe dor” ou “contrairritagdo”, em que a intensidade de um estimulo

doloroso ¢ reduzida por um segundo estimulo doloroso (84). Tem-se um estimulo teste (ET),

chamado de fasico, e um estimulo condicionante (EC), denominado tonico, que serd usado

como indutor de mudancas na percepg¢ao da dor (85,86), com ativacdo das fibras nociceptivas

Ad e/ou C (87). Para seres humanos, o fenomeno pelo qual o EC afeta o ET recebeu a

denominacao CPM (88), dado o envolvimento de correlatos comportamentais (84). A CPM ¢

estudada pela mensuracdo da dor percebida por um breve ET que pode ser aplicado, antes,

durante ou apds o EC em outra regido do corpo. Quando hé reducdo da intensidade da dor

percebida no ET, mediante o estimulo heterotopico (contralateral) doloroso condicionante,



36

considera-se que houve ativagdo do SMDD. Quanto maior a supressao da dor percebida no ET,
mais eficiente serd considerada a CPM (89,90).

Durante o teste CPM, coloca-se um termodo de contato computadorizado baseado em
Peltier (30 x 30 mm?) fixado a pele (91) na face volar do antebrago ndo dominante, e sdo
realizadas trés avaliagdes do teste sensorio-quantitativo (do inglés, quantitative sensory testing,
QST) com um intervalo interestimulo de 40 segundos. Em primeiro lugar, registra-se a
temperatura do local do termodo para as pontuagdes relatadas pelos pacientes de 6/10 (NPS, 0-
10) pelo QST. Assim, a temperatura utilizada no estimulo de teste foi calculada como a
temperatura média (T0). Em segundo lugar, realiza-se um teste de pressao a frio (do inglés, cold
pressure test [CPT]), no qual os sujeitos imergem a mao dominante na 4gua a uma temperatura
em torno de 1°C. O QST ¢ introduzido 30 segundos ap6s as maos estarem na agua fria, e avalia-
se o escore de dor na escala de dor neuropatica (do inglés, neuropathic pain scale, NPS) (0-10)
na area do termodo (T1). Em terceiro lugar, o indice do teste CPM ¢ calculado, consistindo na
diferenca entre a pontua¢do de dor no NPS (0-10) durante o CPT (QST + CPM) (T1) na
temperatura que os individuos relataram uma dor de 6/10 no NPS (TO0). Os ndo respondedores
tém uma diferenca na contagem do NPS (T1 menos T0) igual a zero ou superior, enquanto os
respondedores tém abaixo de zero (91) (Figura 5). A magnitude do efeito CPM depende da
modalidade sensorial usada para entregar o condicionamento, estimulos de teste e a area do
corpo testada (92). De acordo com uma metanalise, o teste CPM com estimulo de teste térmico
mostrou confiabilidade para repetibilidade por um coeficiente de correlagdo intraclasse
variando de regular a excelente (ICC 5 0,53; ICC 5 0,64; e ICC 5 0,83) (94). O teste CPM tem
sido proposto como um fator progndstico confiavel em estudos experimentais e clinicos de dor
(93). Pacientes com FM podem apresentar um efeito da CPM menos eficiente, o que sugere um
perfil pro-nociceptivo em comparacdo a pessoas higidas. Adicionalmente, o consumo de

medicamentos para dor pode gerar resisténcia a avaliagao psicofisica da CPM (94).
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Figura 5 - llustracdo do teste de modulacdo condicionada da dor
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Fonte: Elaboragéo propria

2.6 CONECTIVIDADE CEREBRAL

A matriz de conexdo do cérebro humano representa um alicerce na pesquisa
neurobioldgica aplicada. No entanto, a rede de conexfes anatdmicas que ligam os elementos
neuronais do cérebro humano continua em grande parte desconhecida (95). Tendo
conhecimento de que sensacdes oriundas de estimulos diferentes e em areas diferentes do corpo
sdo processadas de forma diferente no SNC, iniciaram-se estudos sobre as relagdes das diversas
areas que processam esses estimulos e de que forma elas estdo integradas. O padrdo de
conectividade é formado, entdo, pelas ligacdes estruturais, como sinapses ou vias formadas por
axonios, e representa relacfes estatisticas ou causais medidas como relagbes cruzadas,
coeréncia ou fluxo de informacgdes. O seu estudo é crucial para a elucidacdo de como o0s
neurdnios e redes neuronais processam a informacao (96).

A conectividade cerebral pode ser subdividida genericamente em dois grupos:
estrutural e funcional. A conectividade estrutural (também chamada de anatdmica) se refere a
presenca ou auséncia de tratos de substancia branca entre grupos de populagdes neuronais e
pode ser avaliada através da ressonancia magnética (RM) com técnica de tensores de difusdo

(do inglés, diffusion tensor imaging, DTI). A principal ferramenta da DTl € a medida da
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anisotropia fracionada (do inglés, fractional anisotropy [FA]), um indicador de mielinizacéo e
de coeréncia dos tratos de substéncia branca, sendo que maiores valores de FA indicam maior
coeréncia e integridade da substancia branca (97,98). Contudo, poucos estudos demonstram
resultados promissores no contexto da dor crénica e FM, possivelmente pela complexidade das
conecgdes envolvidas na fisiopatogénese da dor crénica envolverem estruturas subcorticais,
nacleos do tronco encefalico (tratos muito pequenos de substancia branca) e &reas nédo
estruturalmente conectadas (74,99). A outra forma de conectividade cerebral é a funcional, que
descreve a relacdo temporal entre sinais de areas espacialmente distintas no cérebro, avaliando
a correlacdo temporal do sinal BOLD (blood oxygenation level dependent) extraido de cada um
dos pares de regides que estdo sendo estudados. A conectividade pode ser o resultado de uma
conexdo anatébmica direta ou indireta (100), através de uma regido mediadora, ou pode nao ter
nenhum correlato anatdmico conhecido. Sua importancia em estudos de dor cronica é
decorrente da influéncia tanto de vias corticoespinais diretas, por exemplo, ACC (101) e
M1(102) e o PSC (103), e vias corticoespinais indiretas, por exemplo, amigdala-pré-frontal-
PAG (104), na modulacdo da dor. A rs-fMRI é uma das técnicas mais empregadas para a

avaliacdo da conectividade funcional (105,106).

2.7 RESSONANCIA MAGNETICA FUNCIONAL E A AVALIAC;AO EM ESTADO DE
REPOUSO (RS-FMRI)

A fMRI é amplamente utilizada para 0 mapeamento temporoespacial da atividade
neural em diferentes condic¢Ges cognitivas (107). Clinicamente, a fMRI € consagrada no auxilio
do planejamento neurocirdrgico e radioterapico; contudo, o nimero de estudos utilizando fMRI
com aplicagOes diversas em neurociéncias tém crescido substancialmente, permitindo uma
melhor caracterizacdo, tanto quantitativa quanto qualitativa, de mecanismos cerebrais
complexos, como a percepgéo, as emogdes, 0 comportamento e a dor.

A fMRI é baseada no efeito BOLD, ou dependéncia no nivel de oxigenacéo do sangue
(108). Quando uma regido especifica do cortex aumenta sua atividade, a fracdo de extragéo de
oxigénio dos capilares locais leva a uma queda inicial da hemoglobina oxigenada (oxi-
hemoglobina) e um aumento no diéxido de carbono local e na hemoglobina desoxigenada
(deoxi-hemoglobina). Apos um atraso de 2-6 segundos, o fluxo sanguineo cerebral aumenta,
proporcionando um excedente de hemoglobina oxigenada e removendo a deoxi-hemoglobina,

aumentando a relagdo oxi/deoxi-hemoglobina na regido. A fMRI é capaz de detectar essa
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alteracdo devido a uma diferenca nas propriedades paramagnéticas da oxi e deoxi-
hemoglobinas. A hemoglobina desoxigenada é paramagnética, enquanto a hemoglobina
oxigenada ndo é. Logo, com a reducdo na proporcéo de deoxi-hemoglobina, o tempo T2 local
torna-se maior, causando incremento no sinal de fMRI, principalmente evidenciado em
sequéncias ponderadas em T2*, produzindo a funcdo de resposta hemodinamica (109,110).

A técnica de fMRI apresenta algumas limitagdes, com destaque para: o fluxo
sanguineo cerebral é apenas um marcador indireto de atividade; o atraso de 2-6 segundos na
resposta hemodinamica; a menor unidade de cérebro que consegue ter seu fluxo sanguineo
regulado individualmente é na ordem dos milimetros de didmetro; as sequéncias de T2* sdo
suscetiveis a ndo homogeneidade do campo devido a interface osso-ar, hemossiderina/produtos
sanguineos, fluxo rapido em grandes veias e metal; como a mudanca detectada é pequena (1-
5%), mesmo pequenos artefatos de movimento podem degradar a imagem (109). Contudo, a
fMRI fornece um método sensivel, preciso e indolor para 0 mapeamento de funcGes cerebrais,
tendo aplicabilidades significativas em neurociéncias (110,111).

Entre as técnicas utilizadas na fMRI, destacam-se a técnica através de paradigmas que
utilizam tarefas e/ou estimulos para avaliar a diferenca relativa do efeito BOLD na regido
cerebral de interesse (region of interest, ROI) e a técnica em estado de repouso (rs-fMRI) que
avalia as flutuacOes cerebrais espontaneas de baixa frequéncia (< 0.1 Hz) no efeito BOLD em
regides de interesse sem a utilizagdo de estimulos ou tarefas. A CFl se refere a modelos
computacionais que buscam estimar a dindmica da comunicacdo e dependéncia funcional de
diferentes regiGes cerebrais (112), tentando mimetizar a organizacdo e o funcionamento
neuroanatdémico cerebral, seja em estado de repouso ou durante uma tarefa cognitiva (113). Elas
sdo aplicaveis tanto para sistema com lesdo estrutural (por exemplo, doencas neuroldgicas) ou
sem (por exemplo, doencas psiquiatricas ou dores cronicas, como a FM) (114). A rs-fMRI é a
técnica eleita para avaliacdo da CFI, pois investiga a ativacdo sincrnica de regides
espacialmente distintas para identificar as conexdes em estado de repouso (resting-state
networks, RSNs). Uma vez que é ndo invasiva e ndo requer a cooperagéo do paciente, a rs-fMRI
pode ser particularmente Gtil em pacientes que ndo conseguem colaborar durante realizacdo de
tarefas (23). Ademais, tem sido sugerido que essa técnica é ainda mais promissora que outras
técnicas de fMRI para avaliagéo de dor cronica (24).

Existem varias maneiras de analisar dados de rs-fMRI, e cada abordagem tem

implicagdes sobre quais informag6es podem ser extraidas dos dados. Contudo, dado o volume
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massivo de informagdes adquiridas, antes de analisar os dados, deve-se realizar etapas de pré-
processamento, que serdo descritas aqui, de forma sumaria (108,115): realinhamento e remogao
de artefatos de confusdo (por exemplo, movimento da cabecga, sinal do liquor), remog¢do dos
primeiros 10 a 20 pontos de tempo, tempo de corte, normalizacao, filtragem de passagem de
banda e suavizacdo. Vdrios pacotes de software, incluindo a caixa de ferramentas CONN
(https://www.nitrc.org/ projetos/con/) (116), sdo comumente usados para analisar dados de rs-
fMRI (114). Pipelines (117), sequéncias especificas de comandos utilizando aplicativos
especificos para cada momento do processamento das imagens, também foram desenvolvidos
para analisar dados quase automaticamente, o que torna a andlise mais facil para nao
especialistas. As abordagens analiticas podem ser amplamente divididas em dois tipos:
segregacao e integracao funcional (114). A segregagao funcional concentra-se na fungao local
de regides especificas do cérebro, e ¢ usada principalmente para mapeamento cerebral. A
integracdo funcional concentra-se nas relacdes funcionais ou conectividade entre diferentes
areas do cérebro e avalia o cérebro como uma rede integrada, a partir da andlise da
conectividade (114). Entre as técnicas de integragdo funcional merece destaque a analise
baseada em correlacdo de sementes (seed-based correlation analysis, SCA) (23), também
chamada de ROI (based functional connectivity), que avalia regides encefalicas correlacionadas
com a atividade em uma regido especifica cerebral (semente, seed). A sincronia (medida pela
correlacdo do sinal BOLD de duas regides distintas no tempo — sincronia das séries temporais
do sinal BOLD) entre diferentes areas cerebrais indica que elas estdo envolvidas no mesmo
processo funcional subjacente, portanto, interpretadas como funcionalmente conectadas. A
conectividade pode, entdo, ser visualizada usando uma matriz, mostrando a for¢a (indicada pela

intensidade da correlacdo entre as duas séries temporais do sinal BOLD extraido de cada regiao
em estudo) de todas as conexdes entre as regides de sementes dentro do cérebro (114).
Neste estudo, utilizamos a técnica de SCA e elegemos como sementes aquelas areas
principalmente envolvidas na neuromatriz da dor e no SMD: PAG, PSC, cortex
somatossensorial secundario, M1, PFC dorsolateral, PFC medial, INS, ACC, talamo

(ntcleos ventrolateral e mediodorsal), nucleo accumbens, hipocampo e amigdala. A

Figura 6 demonstra a SCA, conforme Lv et al. (114).
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Figura 6 - Mapas cerebrais com a representacao espacial do grupo dos resultados de um
estudo de conectividade funcional baseado em sementes.
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Adaptado de Lv et al. (114)

O cortex cingulado posterior foi definido como semente, os demais pontos em vermelho representam
areas cerebrais e as linhas representam conectividade funcional. A: vista a esquerda do hemisfério
esquerdo. B: vista a direita do hemisfério direito. C: vista superior. D: vista inferior. PCC: cortex

cingulado posterior; ACC: cortex cingulado anterior; SFG: giro frontal superior; LIP: 16bulo parietal

inferior.

Diversas patologias neuropsiquiatricas apresentam organizagdes corticais anormais,
como a esquizofrenia, doenca de Alzheimer, depressdo, déficit de atencdo, hiperatividade,
transtornos alimentares etc. (118). Se os achados da conectividade cerebral estiverem
correlacionados com a condicdo de dor crbnica poderdo servir como marcador bioldgico e,
consequentemente, abrir a possibilidade de incluir a CFI como parametro de diagndstico e de
resposta terapéutica. Assim, este estudo é relevante para compreender a rede funcional formada

pelos neurdnios no cérebro em nivel da macroescala.
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2.8 NEUROIMAGEM FUNCIONAL E A FISIOPATOLOGIA DA DOR CRONICA

A falta de anormalidades teciduais consistentes em pacientes com FM tem, cada vez
mais, deslocado o foco de fatores periféricos para alteracfes do SNC, incluindo a SSC e também
a facilitacdo e inibicdo de dor aberrante (119). Para tais caracterizacdes, imagens cerebrais
funcionais estdo sendo utilizadas no entendimento do processamento anormal da dor nestas
pacientes (70,120,121). Neste capitulo, revisaremos de forma suscinta a neuroimagem
funcional da dor em pacientes saudaveis e, subsequentemente, em pacientes com dor cronica,
destacando-se a FM, suas associacBes com 0s sintomas clinicos e potenciais marcadores
terapéuticos.

Estudos de fMRI demonstram que a atividade neuronal nas areas da dor ja pode ser
observada em neonatos, e que a maior conectividade funcional nas areas relacionadas ao SMDD
antes do estimulo doloroso nesta idade foi associada a menor atividade cerebral dolorosa
evocada (122). Em individuos adultos saudaveis, a maior inibicdo da dor relacionou-se com
maior volume dos cortex frontais esquerdos e maior conectividade entre o cortex motor e a
PAG, enquanto a menor inibicdo relacionou-se a maior conectividade entre S1 e o cortex frontal
direito e entre a amigdala e pINS (68). Em individuos saudaveis, a maior inibi¢do da dor se
relacionou a maior conectividade entre a PAG e a ponte (123) e entre as regides pré-frontais, o
PCC e o ACC (124). No geral, individuos saudaveis apresentaram maior volume e
conectividade nas regides cerebrais envolvidas com a modulagdo descendente, e os sistemas
lateral e medial da neuromatriz da dor se relacionam a maior inibicdo e facilitacdo da dor,
respectivamente (68). Além disso, outros estudos demonstraram que a correlacéo negativa entre
a CFl entre a PAG e a INS esquerda, 0 ACC e a RMV e o teste CPM (maior conectividade =
maior inibicdo da dor) pode ser encontrada tanto em pacientes saudaveis como em pacientes
com FM; contudo, no primeiro grupo, esta CFI é ainda mais intensa (125).

Em Brain Mapping: An Encyclopedic Reference (2015), Toga demonstra um
panorama das areas mais correlacionadas ao termo dor j& avaliadas em estudos com rs-fMRI
(Figura 7) (126).
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Figura 7 - Areas mais correlacionadas a dor ja evidenciadas em estudo de ressonancia
magnética funcional em estado de repouso
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Adaptado de Toga (126).

Alterac6es da CFI tém sido observadas em diversos tipos de dor crénica, inclusive com
um padrdo de conectividade do tipo default (do inglés, default mode network, DMN)
prejudicado (127). A DMN ¢ uma rede de estruturas ativadas quando a mente e o corpo estédo
0Ciosos e consiste no cArtex pré-frontal medial, PCC, pré-cineo e areas do cortex parietal. Sua
disfuncdo em individuos com dor cronica pode significar comprometimento de tarefas
executivas, atencionais e comportamentais que acompanham a dor cronica (128,129). Além da
DMN, outra rede de repouso, a rede saliente (do inglés, salience network [SN]), composta pelo
ACC e aINS, encontra-se disfuncional na dor cronica (128,130-132). Essas redes séo
particularmente importantes devido ao seu papel na hipervigilancia presente na FM e se
associam a deficits cognitivos especificos da memoria de trabalho e de atencdo (133,134), assim
como processamento cognitivo e emocional (135). Dessa forma, a conectividade interrompida
entre as redes e as areas pré-motoras pode estar associada ao fenémeno de antecipacdo (medo
do movimento) (70). Em pacientes com migranea, foram observadas alteracbes na CFl em
ganglios da base e cértices frontal e temporal, e houve correlacdo entre essas alteraces, com
frequéncia das crises, gravidade de sintomas e alodinia (120,136). Pacientes com dor cronica
orofacial apresentam maior conectividade entre a PAG e o LC com outras regiGes, como 0s
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hipocampos, nicleo accumbens e ACC (27). A maior inibicdo da dor foi relacionada ao maior
volume de cortex frontal esquerdo e maior CFl entre 0 M1 e a PAG. Por outro lado, a menor
inibicdo da dor foi relacionada ao maior volume do cortex frontal direito e a maior CFl entre o
PSC, a amigdala e a pINS (27). Outro estudo revelou que as alteracGes corticolimbicas, em
especial, maior CFI no circuito PFC-amigdala-nuicleo accumbens e menor volume da amigdala
predispuseram pacientes a desenvolver dor lombar cronica, o que nédo foi observado em outras
regides (137). Em suma, esses estudos reforcam que alteragdes estruturais e funcionais ocorrem
em regides cerebrais diversas, e, em grande parte, ndo primariamente relacionadas a
transmissdo da dor, corroborando o fato de ndo existir, até entdo, uma assinatura
neuropatoldgica comum entre as sindromes de dor crénica e de sensibilizagdo central (138).

Pacientes com FM apresentam reducdo da substancia cinzenta nas areas relacionadas
ao processamento central da dor, como ACC, INS, PFC medial, PFC dorsolateral (dIPFC) e
PAG, assim como em regides relacionadas a memoria, cognicdo e emogdes, como amigdala e
hipocampo (26,125). A primeira descrigdo de alteragdo na CFI em pacientes com FM (n = 18)
demonstrou um aumento na CFI entre 0 DMN e a INS e o cdrtex somatossensorial secundario
esquerdo. A dor no momento do exame correlacionou-se com maior CFI entre 0o DMN e a INS
direita e entre a rede de atencédo executiva e a INS bilateral (139). Em estudo recente de revisao,
que comparou os principais hubs (redes funcionalmente integradas), entre pacientes com FM e
controles saudaveis, demonstrou que os hubs no grupo FM foram predominantemente
localizados nas redes de saliéncia (insula), somatomotora (cértices motor e sensorial primario
e area motora suplementar) e auditiva (cortex temporal superior). Os hubs do grupo saudavel,
por sua vez, foram localizados predominantemente no DMN, nas redes frontoparietal e visual.
Nas pacientes FM, a estrutura do hub foi influenciada pela intensidade da dor. Essas diferencas
suportam a hipdtese de haver uma reorganizacdo funcional na FM, também chamada de
neuroplasticidade maladaptativa (140).

Uma revisdo sistematica demonstrou que a INS e o cortex (pré-frontal e
sensoriomotoral) foram as areas mais comumente alteradas em estudos de fMRI em pacientes
com FM (139,141-147), e a maior conectividade INS-cOrtex somatossensorial e motor
primarios se correlacionou com a dor clinica (140). O talamo, a amigdala e o hipotalamo
também apresentaram atividade cerebral alterada em pacientes com FM (143), reforcando a

interposicdo entre estruturas limbicas, sensoriomotoras e vegetativas (148). De fato, estudos de
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fMRI tém demonstrado como as comorbidades biopsicossociais influenciam o processamento
da dor.

Em pacientes com FM com graus variaveis de depressdo, as ativacdes da alNS, da
amigdala e dos cortices pré-frontais (componentes mediais/afetivo-emocionais da neuromatriz
da dor) foram correlacionadas com sintomas depressivos € com a experiéncia de “desagrado”,
ao inveés da intensidade sensorial da dor (149). No entanto, o grau de ativacdo neuronal em
estruturas “laterais”, geralmente associado ao processamento sensorial da dor (localizacédo e
intensidade), ndo foi associado aos niveis de sintomas depressivos. Outros estudos
demonstraram uma correlagdo negativa entre os sintomas depressivos e a CFl PAG-talamo (3),
e positiva entre os sintomas de ansiedade e a CFl PFC ventromedial-cortex somatossensorial
(150). Isso é consistente com evidéncias substanciais de que a dor e 0 humor sdo processos
fisioldgicos independentes, mas sobrepostos (74,150). Por fim, um estudo recente demonstrou
que o aumento dos escores de fadiga em pacientes com FM se correlacionou negativamente
com a CFl entre 0 ACC e 0 PCC, reforgando evidéncias crescentes de que o SMDD se relaciona
com quadros clinicos diversos, além da intensidade da dor (129).

Em estudo comparando sujeitos saudaveis com FM, Coulombe et al. (70) mostraram
que o grupo de FM apresentou maior CFl entre a PAG e o giro lingual, PCC, clneo, cortex
retroesplenial e hipocampo, regides envolvidas principalmente na memaria espacial, orientacéo
e navegacdo, mas também associadas a memadria de trabalho e emoc®es. Individuos com FM
também apresentaram menor CFl entre a PAG e regifes associadas a funcdes

motoras/executivas, como as redes SN e DMN (70) (Figura 8).
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Figura 8 - Regides cerebrais com maior rs-FC com a substancia cinzenta periaquedutal em
pacientes com fibromialgia (n = 23) em comparagdo com controles saudaveis (HC, n = 16)

Esquerda Esquerda
FM > controles saudaveis
\J
Giro lingual Hippo. },VGiro lingual
Controles saudaveis > FM SMA/PMC/dIPFC AG/LOC (L) dPEC AG/LOC (R)

Adaptado de Coulombe et al. (70).

Z corrigido para FEW > 2,3; baseado em cluster p < 0,05. Coordenadas para fibromialgia (FM) > HC,
X=24;Y =38,Z=2(mm). HC > FM, X =2, Y =40, Z = 44 (mm). Hipo: hipocampo; cortex do
cingulo posterior: cértex cingulado posterior; PMC: cortex pré-frontal (PFC); vIPFC: PFC
ventrolateral; dIPFC: PFC dorsolateral; dmPFC: PFC dorsomedial; SMA: area motora suplementar;

AG: giro angular; LOC: cortex occipital lateral.

A menor CFI entre o dIPFC e areas motoras associativas (PMC, SMA e PFC) foi
negativamente relacionada a gravidade dos sintomas de FM medidos com o questionario do
impacto da FM e com o subescore de magnificacdo da dor (70), enquanto a maior CFI entre o
dIPFC, o ACC e o PFC medial foi positivamente relacionada com a gravidade dos sintomas e
o impacto da FM (151) (Figura 9). O dIPFC & uma regido principal do cortex associativo frontal,
envolvida na mudanga do conjunto cognitivo apos a integracdo de informacgdes de muitas
regides, incluindo o sistema limbico. Além disso, o dIPFC é particularmente conhecido por seu
papel central na memoria de trabalho, manutengdo de informagdes, processamento de
sequéncias cronologicas e automonitoramento (70). Finalmente, sabe-se que o dIPFC esta
envolvido na modulagéo da dor (152) por meio de sua conexdo com o ACC, o tdlamo e a INS,
e que, quando ativado, diminui a conectividade entre o mesencéfalo e o tdlamo, resultando em

modulagéo da dor descendente.
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Figura 9 - Diferencas significativas de conectividade funcional intrinseca entre individuos
com fibromialgia e controles saudaveis e sua correlacdo com os escores do questionario de impacto da
fibromialgia
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Adaptado de Coulombe et al. (70)

Em pacientes com FM, a conectividade da PAG foi positivamente correlacionada com
a escala de catastrofizacdo da dor (70) e com 0s sintomas emocionais e comportamentais da
FM. Ceko et al. (153) demonstraram uma correlacédo positiva entre o catastrofismo e a CFl entre
a alNS esquerda e 0 ACC em pacientes jovens com FM, o que nédo foi encontrado no subgrupo
de pacientes acima dos 60 anos. Em outro estudo de fMRI com tarefa de catastrofizagéo (154),
foi demonstrado maior conectividade nos componentes do DMN, sobretudo no PCC, naquelas
pacientes com escores clinicos mais severos. Napadow et al. (120) demonstraram que dor
clinica, catastrofismo e disfuncdo autondémica estdo intimamente relacionadas ao grau em que
a dor evocada altera a conectividade do PSC com as regifes de processamento afetivo da dor.
Esses achados suportam a hip6tese de que o catastrofismo estd associado ao aumento da
ativacdo em areas cerebrais envolvidas na antecipacdo da dor (cortex frontal medial), aspectos
emocionais da dor (amigdala e claustro), atencdo & dor (dIPFC e ACC) e controle motor.
Paralelamente, estudos comprovam que a disfuncdo do SMDD também esta funcionalmente
conectada com areas indiretamente relacionadas a dor, por exemplo, menor CFl em pacientes
com FM no ACC, cortex pre-frontal medial e PAG (155). Recentemente, outro estudo que
comparou a CFI em pacientes com FM e controles saudaveis antes e ap6s o teste CPM
demonstrou uma reducdo na CFl entre a rede executiva, e um aumento nas redes de atencgéo e

sensoriomotora em FM (156).
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Estudos utilizando diversas intervengdes (medicamentos, acupuntura, terapia por
exercicios, tai chi, ETCC e terapia cognitivo-comportamental) demonstraram mudangas
relacionadas ao tratamento na CFI, a maioria das quais correlacionada com melhora nos escores
clinicos (138). Outros estudos exploraram o potencial da conectividade funcional pré-
tratamento para prever a resposta terapéutica (138,157). Um estudo que avaliou 15 pacientes
com FM apds tratamento farmacoldgico com milnaciprano, um inibidor da recaptagdo da
serotonina e norepinefrina, mostrou que as redugdes nos escores clinicos de dor foram
associadas a diminui¢@o da CFI entre regides pro-nociceptivas e regioes de dor antinociceptiva,
especificamente entre 0 ACC e a INS, e entre a PAG e a INS. Também, pacientes com menor
CFI preexistente obtiveram maior reducdo na dor clinica (158). Ademais, as conectividades
funcionais PAG-ventromedial pré-frontal (vmPFC) e PAG-RVM correlacionaram-se
negativamente com o CPM (158). A CFI entre a PAG e o PFC medial e 0 ACC também foi
modulada através de tai chi em pacientes com FM, o que se correlacionou com o escore de
impacto clinico nestas pacientes (151). Esses achados sdo corroborados por um estudo recente,
demonstrando que quando pacientes com FM se comprometem com uma tarefa cognitiva de
analgesia atencional, ocorre um aumento na CFI entre o PAG e a RVM, denotando maior
ativacao do SMD e, consequentemente, reducdo da sensacao de dor (159). Sankarasubramanian
et al. (160) compararam o uso da ETCC em M1 e dIPFC através de rs-fMRI e demonstraram
que ambas as areas, quando estimuladas por corrente anddica, aumentam a conectividade
cortical entre o tdlamo ventrolateral e o S1 e entre o tdlamo mediodorsal e M1. Contudo, apenas
o estimulo em dIPFC modulou a conectividade cortical entre o talamo mediodorsal e os cortices
afetivos. Esses achados sugerem que a modulagdo da conectividade cortical em M1 ocorre
primariamente por vias sensoriais, enquanto em dIPFC, por ambas as vias sensoria e afetivas
(160). Cummiford et al. (161) demonstraram, através de rs-fMRI, a relagdo com a resposta
analgésica apds ETCC, conforme Figura 10 (162). Constatou-se que mulheres com maior
conectividade entre determinadas areas do SNC apresentaram melhora mais expressiva dos
sintomas apos a aplicagdo do ETCC, e que este, por sua vez, proporcionou diminui¢do da

conectividade cerebral entre outras areas estudadas.
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Figura 10 - Esquema de achados de conectividade funcional em pacientes com fibromialgia
antes e apds uso da estimulagdo transcraniana de corrente continua ativa e simulada.
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Adaptado de Cummiford et al. (161).

Conectividades funcionais intrinsecas (CFIs) corticotalamicas mais fortes em regifes com alta
densidade de receptores opioides antes do tratamento com estimulagdo transcraniana de corrente
continua (ETCC) predisseram uma melhor resposta clinica (A). Mudangas na CFI foram observadas
depois de 5 sessdes diarias de ETCC-simulada, o que pode ser atribuido a analgesia placebo (B). A

ETCC real com 5 sessdes, aplicada em dias sucessivos, causou mudancas duradouras na CFl e pode

entanto, podem ter sido causados por liberacdo de opioides enddgenos.

Cumminford et al. (161) mostraram que a maior CFl entre 0 M1 e o tadlamo
ventrolateral, PSC e aINS e a PAG e o talamo ventrolateral predisseram maior analgesia apds
a ETCC em pacientes com FM. Ademais, esse estudo mostrou que a ETCC reduziu a CFI entre
o talamo ventrolateral, cértex motor suplementar e PFC. Embora esses estudos indiquem
potencial para identificar biomarcadores de rs-fMRI para rastrear a normalizagdo da funcéo
induzida pelo tratamento e para a selecdo do tratamento, ainda sdo necessarias evidéncias
consistentes e reprodutiveis para validagéo clinica (163).

Por fim, trabalhos recentes com inteligéncia artificial tém buscado uma assinatura
neurofisioldgica da FM. Em um deles, um algoritmo treinado conseguiu distinguir individuos
com FM de controles, de acordo com a CFI do primeiro grupo, que apresentou respostas

aumentadas na INS, PCC e regibes pre-frontais mediais e respostas reduzidas nos cortices
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sensoriais primarios e secundarios, ganglios da base e cerebelo (164). Dada a importancia
clinica e social do impacto da FM e os atuais avangos de neuroimagem, se justifica a busca por
marcadores neurofisioldgicos que contribuam para maior entendimento da sua fisiopatologia.
2.9 MARCO CONCEITUAL

A figura 11 apresenta o marco conceitual desta tese.

Figura 11 - Marco conceitual
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3 JUSTIFICATIVA

A prevaléncia da FM ¢ crescente e as intervengdes farmacologicas apresentam eficacia
limitada, estimulando a busca por maior compreensao da neurofisiologia e fisiopatogénese
envolvida nesses processos. Essa doenga possui varios sintomas associados, entre os quais
distarbios do sono, fadiga, rigidez matinal, alodinea, hiperalgesia e disfungdes afetivas ou
cognitivas. Tais sintomas estdo, na maioria, relacionados a disfun¢ao do SMDD e as alteragdes
nociplastica decorrentes da SSC. Ademais, o grupo das pacientes onde esse sistema esta
disfuncional apresenta maior gravidade clinica e refratariedade terapéutica.

A forma cléssica de avaliar a fun¢do do SMDD é o teste CPM. Embora uma meta-
analise tenha tentado ampliar o repertério de fatores psicoldgicos implicados na resposta do
CPM-test, os autores reconheceram como principais limitacbes de sua analise abordagens
variadas sobre o paradigma da CPM, a sobreposicdo de condi¢cdes de dor com diferentes
fisiopatologias e protocolos ndo padronizados para os critérios diagnosticos (22). Assim, é
pertinente estabelecer estratégias sistematizadas, integrando caracteristicas clinicas e
marcadores bioldgicos para que esses resultados pertinentes a discriminacdo da funcdo do
SMDD possam ser transladados ao cenério clinico e auxiliar na tomada de deciséo, tendo como
alvo a medicina personalizada (165).

A falta de anormalidades estruturais consistentes em pacientes com FM corrobora para
a avaliacdo da CFI utilizando a técnica de rs-fMRI, dada sua relativa simplicidade na execucéo
e potencial na avaliacdo de estruturas corticais e subcorticais envolvidas na neuromatriz da dor
e no SMDD. Apesar dos avancos no entendimento da FM e do SMDD, diversos mecanismos
permanecem incertos, e ainda néo foi descrito se as pacientes apresentam, ou nao, padrdes de
conectividade cerebral diferentes conforme a fun¢éo ou disfuncdo do SMDD.

A justificativa deste estudo, segundo o exposto, centra-se em a buscar marcadores
neurofisioldgicos, clinicos e laboratoriais que contribuam para maior entendimento da
fisiopatologia nos pacientes com FM. Os dados deste estudo visam elucidar se sintomas clinicos
cardinais da FM, marcadores séricos de neuroplasticidade e CFI entre as estruturas cerebrais
envolvidas no SMDD e na neuromatriz da dor podem predizer a disfungdo do SMDD em
pacientes com FM. O objetivo é o avango diagnostico e, eventualmente, terapéutico, tendo
como alvo uma abordagem individualizada, atenuando assim 0 expressivo prejuizo a vida dos

pacientes e o0 pesado encargo social e econdmico ao paciente e a sociedade.
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4 HIPOTESE

Devido a maior gravidade clinica e refratariedade ao tratamento em pacientes com FM
e SMDD disfuncional, nossa hipotese foi de que a disfuncdo do SMDD poderia ser predita
através de um indice composto pelos principais sintomas clinicos da FM e dos marcadores de
neuroplasticidade BDNF e proteina S100B. Adicionalmente, esperdvamos que a CFI reduzida
nas vias neurais relacionadas ao SMDD poderia predizer a disfungdo do SMDD, e que esta, no

que Ihe concerne, se correlacionaria com os escores clinicos.

5 OBJETIVOS

5.1 OBJETIVO GERAL

O presente trabalho teve como finalidade investigar amplamente a disfuncdo do
sistema modulatério descendente da dor em pacientes com FM para buscar marcadores clinicos,
séricos e de neuroimagem funcional, visando uma maior compreensdo dos processos

neurofisiologicos e clinicos envolvidos na fisiopatologia da FM.

5.2 OBJETIVOS ESPECIFICOS

Para responder ao objetivo geral desta tese desenvolveram-se estudos, cujos objetivos
sd0 0S que seguem:

Estudo 1:

- ldentificar se os principais sintomas da FM e os biomarcadores séricos de
neuroplasticidade se correlacionam com a disfun¢do do SMDD, de acordo com dois grupos de
pacientes, respondedores e ndo respondedores ao teste CPM.

- Avaliar se esses padrdes, individualmente e de forma integrada, predizem a
capacidade de resposta a tarefa CPM.

Estudo 2:

- Analisar os padrdes de CFI entre as redes cerebrais de processamento da dor e 0
SMDD através da rs-fMRI em pacientes com FM, conforme os grupos de respondedores e nao
respondedores ao teste CPM.

- Investigar se o padrdo de conectividade entre o cortex somatossensorial primario

(area envolvida no componente sensorio-discriminativo da neuromatriz da dor) e a PAG
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(principal area envolvida no SMDD) relaciona-se aos sintomas clinicos em pacientes
respondedores ou ndo respondedores ao teste CPM.
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Abstract

Background: The main symptoms of fibromyalgia comprise diffuse pain, disability, depressive symp-
toms, catastrophizing, sleep disruption and fatigue, associated with dysfunction of the descending pain-
modulating system (DPMS).

Objectives: We aimed to identify patterns of main symptoms of fibromyalgia and neuroplasticity bio-
markers (i.e., brain-derived neurotrophic factor (BDNF) and S100B protein) in non-responders to the
conditioned pain modulation task (CPM-task) induced by immersion of hand in cold water (0—1°C). Fur-
thermore, we evaluated if these patterns predict responsiveness to CPM-task.

Methods: This cross-sectional study included 117 women with fibromyalgia ((n = 60) non-responders and
(n = 57) responders), with age ranging from 30 to 65 years old. We analysed changes in numerical pain
scale (NPS-10) during the CPM-task using a standardized protocol.

Results: A hierarchical multivariate logistic regression analysis was used to construct a propensity score-
adjusted index to identify non-responders compared to responders to CPM-task. The following variables were
retained in the models: analgesic use four or more times per week, heat pain threshold (HPT), poor sleep
quality, pain catastrophizing, serum levels of BDNF, number of psychiatric diagnoses and the impact of symp-
toms of fibromyalgia on quality of life. Receiver operator characteristics (ROC) analysis showed non-respond-
ers can be discriminated from responders by a composite index of more frequent symptoms of fibromyalgia
and neuroplasticity markers (area under the curve (AUC)=0.83, sensitivity = 100% and specificity = 98%).
Conclusion: Patterns of fibromyalgia symptoms and neuroplasticity markers may be helpful to predict
responsiveness to the CPM-task which might help personalize treatment and thereby contribute to the
care of patients with fibromyalgia.
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Catastrophizing, brain-derived neurctrophic factor, S100B, chronic pain, conditioned pain modulation-task
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Introduction

Fibromyalgia is characterized by chronic pain with symptoms disproportionate to the
evidence of tissue injury or anatomical damage. Although its pathophysiology is not fully
elucidated, the most accepted mechanism to evoking pain hypersensitivity in fibromyalgia is
the central sensitization syndrome (CSS).1 It encompasses the impaired functioning of neurons
and circuits in nociceptive pathways, with an increase in neuronal excitability and synaptic
efficacy and reduced inhibition.2,3 Preclinical studies showed that astrocytic and microglial
activation triggers the increase in brain- derived neurotrophic factor (BDNF). It alters the
transmembrane anion gradient by downregulating K+-Cl— cotransporter 2 (KCC2), which
increases in intracellular Cl—, which leads to changes in GABA- and glycine-evoked responses
from inhibitory to excitatory.4-6

This hyperexcitability pattern is a primary underpin mechanism of the CSS. It comprises
a cluster of symptoms, such as psychological distress, sleep disturbances, fatigue, pain,
allodynia, hyperalgesia and expansion of the receptive field.7,8 To identify symptoms related
to CSS, a screening tool has been used, which is denominated by Central Sensitization
Inventory (CSI). A higher score on the CSI for chronic pain was positively associated with the
inefficiency of the descending pain-modulating system (DPMS).9 The disinhibition on DPMS
indicates a defective of DPMS according to a spectrum of responders and non-responders to
conditioned pain modulating (CPM)-task in different chronic pain conditions.

The S100B protein can be actively released from glial cells, namely, oligodendrocytes
and astroglia in the human brain.10,11 The glial marker protein S100B is elevated during major
depressive episodes and decreased following successful treatment.12 While the neuronal
activity regulates the transcription of the BDNF gene, the transport of BDNF mRNA protein
into dendrites and the secretion of BDNF.13 According to an earlier study, we found that serum
levels of S100B were lowest in fibromyalgia than chronic pain conditions with significant
structural damage (e.g. osteoarthritis and endometriosis). In contrast, serum levels of BDNF
were higher in chronic pain with scarce tissue damage (e.g. fibromyalgia, chronic tensional
headache and myofascial pain).14 In addition, the dysfunction in the DPMS was more
significant in chronic pain with a scarce tissue injury (e.g. fibromyalgia) compared to
osteoarthritis.14
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The DPMS can be assessed by the CPM paradigm. During CPM-task, the nociceptive
heterotopic stimuli activate the descending inhibitory control (DNIC), and it produces a
phenomenon where ‘pain-inhibits pain’.15,16 The neurobiological systems involved in the
CPM-task includes serotoninergic, opioidergic and noradrenergic systems,17—-19 which are also
engaged in the psychological characteristics of chronic pain (i.e. anxiety,20-24
depression21,23 and pain catastrophizing).22 This interplay among neurobiological pathways
underpinning to DPMS with the psychological characteristics may explain at least part of the
interpersonal variability in pain perception.25 Although a meta-analysis tried to expand the
repertoire of psychological fac- tors in CPM response, the authors recognized as major
limitations of their analysis, varied approaches on the CPM paradigm, the mix of pain
conditions with different pathophysiology and non-standardized protocols for diagnosis
criteria.26 Thus, it is pertinent to con- struct a comprehensive and biologically plausible
framework to capture the symptoms and clinical signs associated with the disruption of the
endogenous pain- inhibitory system.27

Considering the above-mentioned facts, it is reasonable to assess the CPM paradigm
according to a spectrum of responders and non-responders, in integrating perspective, to explore
the severity of symptoms frequently found in the fibromyalgia (i.e. pain, disability, depressive
symptoms, pain catastrophizing, sleep disruption, fatigue, etc.), psychological measures and
serum neuro- plasticity biomarkers (BDNF and S100B protein). Our study has two specific
aims: (1) to construct a framework that integrates different patterns of symptoms intensity
across fibromyalgia and serum markers of neuroplasticity to test the hypothesis that these sets
of variables could predict the dysfunction of DPMS and (2) to evaluate the ability of each
marker of neuroplasticity (BDNF and S100-B-protein) and a composite index that integrates
these measures (symptoms of fibromyalgia, HPT, pain catastrophizing, analgesic use,
psychotropic medications, psychiatric disorders, BDNF and S100-B- protein) to differentiate
non-responders to CPM-task, compared to responders. The paradigm of CPM was tested by the
change in numerical pain scale (NPS scores in the range of 0-10), during the quantitative
sensory testing (QST) concurrently with the heterotopic nociceptive stimulus (CPM-task)

induced by immersion of hand in cold water (0-1°C) for 60 seconds.

Material and methods

Procedure and participants
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The methods and results sections are reported according to the Strengthening The
Reporting of OBservational Studies in Epidemiology (STROBE) guidelines. All subjects
provided oral and written informed consent before participating in this cross- sectional study.
The study followed the guidelines and regulations for clinical research and was approved by

the Research Ethics Committee at our institution.

Heat Pain Threshold Test
Conditioned pain modulation (CPM-task)

Pain VAS (0-10)and analgesic use weekly
Fibromyalgia Impact Questionnaire (QIF)
Brazilian Portuguese Pain Catastrophizing Scale (BP-PCS) Neuroplasticity state biomarkers
Brazilian Portuguese Beck Depression Inventory (BDI) Standardized Questionnaire to assess
Pittsburgh Sleep Quality Index (PSQI) clinical characteristics
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Figure 1. Timeline assessments.

Recruitment, inclusion and exclusion criteria

All patients were recruited by directly contacting them from the institutional chronic
pain clinic, by referrals from other clinic units and from a community that is situated in an urban
circumscribed geographic area that constitutes the catchment area of the Basic Health Unit
linked to the (name of Institution), which serves a population of approximately 8000 living
nearby. Recruitment was undertaken in the time from August 2016 to December 2017. Patients
were contacted by phone and answered a screening questionnaire. If they met the inclusion
criteria, they were invited for medical evaluation, history collection and detailed description of
their symptoms. The diagnosis was established by a board-certified pain specialist to (name of
country) Board with more than 10 years of experience in patients’ pain care. We included only
women, because fibromyalgia is more prevalent in females.28 Women aged between 30 and 65

years who were able to read and write and had a confirmed diagnosis of fibromyalgia according
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to the criteria of the American College of Rheumatology (2010-2016) were included. Pain score
needed to be equal to or greater than six on NPS 0—10 on most days for the last 3 months. We
excluded pregnant women and patients with a history of alcohol or drug abuse in the last 6
months, neurological dis- eases, history of decompensated systemic diseases or any chronic
inflammatory disease (e.g. lupus, rheumatoid arthritis and Reiter’s syndrome). Furthermore, we

excluded patients with uncompensated hypothyroidism or history of cancer.

Instruments and assessments

Dependent and independent variables of main interest.

The dependent variable (outcome) was the ‘score on NPS (0-10)’ during the CPM
classified as non-responders and responders to CPM-task. The timeline of assessments is
presented in Figure 1. The main interest factors in this study were the following: Brazilian
Portuguese pain catastrophizing scale (BP-PCS), fibromyalgia impact questionnaire (FIQ),
visual analogue pain scale (VAS), heat pain threshold (HPT), beck depression inventory Il
(BDI-11), Pittsburgh sleep quality index (PSQI), BDNF and S100-B calcium protein.

Psychophysical measures

1. HPT test: This measure uses the method of limits with a computer Peltier-based
contact thermode (30 x 30 mm2)29,30 attached to the skin on the ventral aspect of the mid-
forearm. A computerized version of thermotest (developed by our group) was used to determine
the HPT on the volar side of the non-dominant forearm. When heat is set at 32°C, the thermostat
is heated at a rate of 1.0°C/second to a maximum of 52°C, when the temperature begins to drop.
The HPT is the minimum temperature at which the stimuli become painful. It was obtained by
the mean of three assessments performed with an inter-stimuli interval of 40 seconds.29

2. CPM-task: The sequence of procedures to determine the DPMS was the
following: First, we used the same computerized version of thermotest described above on HPT
measures to define the average of three temperatures by the QST for patients’ report score 6/10
(NPS, 0-10). The position of the thermode on the non-dominant forearm was slightly altered
between trials (although it remained on the left ventral forearm). Second, after 5 minutes, sub-
jects were requested to immerse their dominant hand up to the wrist into the water at a
temperature of 0 up to 1°C for 1 minute, and the QST was introduced after 30 seconds. Thus,
the pain score on NPS (0-10) in the area of the thermotest was assessed. Third, the CPM was

calculated by the difference between the pain score on NPS (0-10) during the cold-water
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immersion (QST + CPM) at the temperature they set 6/10 on NPS (0-10) during the initial time
(TO). Non-responders showed a difference in the count on NPS (HPT1 — HPTO) equal to zero
or higher, and for responders, these values would be lower than zero.31

Pain measures, sleep quality, pain catastrophizing, depressive symptoms, demographic
data and medical comorbidities. All instruments have been validated for the (name of country)
population. Two evaluators with specific training were responsible for all assessments.

F1Q32 was used to evaluate the impact of symptoms on quality of life. The FIQ consists
of 10 domains and items comprising questions to assess the patient’s ability to perform routine
activities of daily living, fatigue, morning, stiffness, mood, anxiety and depression. Higher
scores indicate worst conditions, and the maxi- mum score is 100.32,33

VAS ranged from no pain (0 mm) to worst pain possible (100 mm),34 according to
participants’ pain score in most days in the last 3 months.

Analgesic use was defined by an average of analgesic used per week during the previous
month. For data analysis, analgesic use was included as a dichotomous variable (the use of
analgesics at least four or fewer days per week or the use for more than 4 days per week). This
approach was chosen because patients with chronic pain rescue analgesic use change each
week, depending on their level of pain.

BP-PCS33 was used to evaluate the pain catastrophizing. The BP-PCS is a self-
administered questionnaire that consists of 13 items. It is divided into three dimensions of
catastrophizing in response to pain: rumination, magnification and helplessness.35 The BP-PCS
total score ranges from 0 to 52 points.

BDI was used to evaluate depressive symptoms.36

PSQI was used to measure the quality and patterns of sleep over the last month.37

Standardized questionnaire: a standardized query was used to assess demographic data
and medical comorbidities. Patients were requested to provide information about their age, sex,
level of education, marital status and lifestyle habits. They also provided information about
their health status, including clinical and psychiatric diagnoses, the latter assessed by the Mini-
international Neuropsychiatric Interview (MINI).38

Neuroplasticity state biomarkers (BDNF and S100B). To assess the neuroplasticity state
biomarkers, we evalu- ated using serum levels of BDNF and S100B collected in plastic tubes
and centrifuged for 10 minutes at 4500 r/min at 4°C in a —80°C freezer for further BDNF assays.

All samples were assayed in duplicate to avoid intra-assay variation. BDNF serum level was
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analysed by enzyme-linked immunosorbent assay (ELISA) using monoclonal antibodies
specific for BDNF (R&D Systems, MN, USA, catalogue number DY248, BDNF with the
lowest detection limit = 11.7 pg/mL). The plates were incubated with capture antibody
overnight (room temperature). After incubation, the plates were washed. The samples and
standards were added in the plate and incubated by 2 hours and washed again. The detection
antibody was added and incubated for 2 hours. After another washing, Streptavidin—horseradish
peroxidase (HRP) conjugate was added and after 20 minutes of incubation, the last washing
step was done. Thus, the substrate solution was added, and after 20 minutes, the reaction was
stopped by the addition of acidic solution. Optical density was measured using an ELISA reader
at a wavelength of 450 nm (GloMax®- Multi Microplate Reader; Promega, WI, USA) for the
assay measurements.

Human S100B ELISA and enzyme-linked immunosorbent assay kit (EZHS100B-33K;
Millipore, MI, USA, the lowest detection limit is 2.7 pg/mL) were used to determine serum
levels. The sample was incubated by 2 hours after it was washed and the mono- clonal anti-
human S100B antibody was added. After another washing, Streptavidin—-HRP conjugate was
added and after 30 minutes of incubation, the last washing step was done. Thus, the substrate
solution was added, and after 20 minutes, the reaction was stopped by the addition of acidic
solution. All the S100 measurements were performed at 30 °C. Optical density was measured
using an ELISA reader at a wavelength of 450 nm (GloMax®-Multi Microplate Reader;
Promega, WI, USA) for the assay measurements. For all experiments, the absorbance is
proportional to the concentration of S100B, according to the standard curve used.

Efforts to address potential sources of bias. To reduce assessment bias, two researchers
with vast clinical expertise to treat outpatients in pain clinic were responsible for making the
diagnostics according to pre-specified criteria. Two evaluators with specific training were
responsible for all assessments and to apply the standardized protocol to assess the QST and
the CPM-task.

Statistical analysis
An estimated 102 subjects would be needed to provide 80% power for a receiver
operating characteristic (ROC) study, assuming the area under the curve (AUC) is 0.7 with a
two-sided o 0f 0.05.39 Finally, considering the likely attrition rate and other unexpected factors,

we increased the sample by 15%, and the required sample size was 117 patients.
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To summarize the main socio-demographic features of the sample, we used a descriptive
statistic. t-tests for independent samples or Wilcoxon—Mann-Whitney, chi-square and Fisher’s
exact tests were performed to compare variables between responders and non- responders’
group. To control potential confounding variables on the relationship between changes in NPS
(0-10) during CPM test, classified as responder and non-responders, we performed a forward
stepwise hierarchical binary logistic regression model (Table 3).2,40 A p value of less than 0.10
was required for a factor to be included in a hierarchical regression model. Considering that
several variables can affect the DPMS, we constructed a propensity score-adjusted index.22
This multivariate analysis considered the hierarchical relationships between the proposed
factors. The first hierarchical model included demographic data that could directly or indirectly
determine all the variables analysed in the additional hierarchical levels. The odds ratio (OR)
values resulting from the multi- variate analysis were not derived from the full model with all
variables, but from the equation corresponding to the level at which the factor of interest was
first entered. This avoids the possibility that mediating variables will reduce some of the
explanatory power of more distant determinants.

The nonparametric ROC analysis was performed to differentiate the properties of
propensity score index in each step according to the spectrum of non-responders and responders
to CPM-task. The AUCs with exact binomial 95% confidence intervals (CI) are presented. The
cutoff values with the highest Youden index, with 90% sensitivity and with 100% specificity is
presented each one of four indexes and all they showed a ROC AUC higher than 0.68. Statistical
significance was set to a p value of 0.05, two-tailed. Data were analysed using SPSS software
version 22.0 (SPSS, Chicago, IL).

Results
Patient characteristics
We screened 164 potential participants with a diagnosis of fibromyalgia, and we

included 117 in the study. Thirty-seven not fulfilling the diagnostic criteria for fiboromyalgia or
presented pain level on most days for the last 3 months was defined in the protocol (NPS 6/10)
and 10 had another clinical diagnosis defined as exclusion criteria (rheumatoid arthritis, lupus,
non- compensate hypothyroidism, etc.). All enrolled sub- jects participated in a complete
assessment of the study and were included in all analyses (Table 1). All patients presented a
detectable level of BDNF and S100B according to their detection limits.
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Univariate analysis

Relationships between outcome and spectrum of responder and non-responders to CPM
test. Pain catastrophizing, disability and quality of life are related to fiboromyalgia, pain scores
on the VAS, HPT, depressive symptoms, sleep quality and serum levels of BDNF and S100-B
calcium protein according to the spectrum of responders and non-responders to CPM-task
(Table 2).

Putative markers of neuroplasticity BDNF and S100-B protein as a tool to detect the
failure of DPMS. To explore how the putative markers of neuroplasticity BDNF and S100-B
protein are related to CPM dysfunction, their discriminate properties to screen non- responders
to CPM-task using their serum levels are presented in Table 3. The respective cutoff points each
one of them would offer were at least 90% or higher sensitivity, and they reached 80% or higher
in the specificity as shown in Table 3.

The ability of each of these putative markers of neuro- plasticity to discriminate non-
responders to CPM-task from responders is presented in Figure 2. By setting the AUC, the
ability for BDNF (cutoff point >20.19) to disinguish non-responders to CPM-task was 67%,
providing 90% sensitivity and 85% specificity. The ability for S100B protein (cutoff point
>7.56) to identify correctly non-responders to the CPM-task was 58%, providing 88%
sensitivity and 89% specificity.
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Table 1. Demographic and clinical characteristics of the study sample. Values are given as the mean (SD) or frequency

(n=117).
Non-responder (n = 60) Responder (n=57) p value

Age (years) 48.43 (9.29) 50.54 (7.84) 0.19
Body index 28.38 (4.70) 27.83 (5.02) 0.54
Education (years) 10.28 (4.20) 10.60 (4.12) 0.68
Smoking (Yes/No) 12/48 9/48 0.36
Clinical comorbidity (Yes/No) 25/35 28/29 0.27
Hypertension (Yes) 27 23
Diabetes (Yes) 7 9
Hypothyroidism (Yes) 0 1
Asthma (Yes) 1 0
Other (Yes) 2 0
Number of days analgesic used per week in the 11/49 20/37 0.03
last 3 months (<4 times/>4 times) **

Acetaminophen/Dipirone (Yes) 29 16

Dorflex (Yes) 21 16

NSAID (Yes) 7 5

Qpioid (Yes) 2 0
Psychiatric disorder according to MINI (Yes/No) * 23/37 20/41 0.43

Major depressive episode with dysthymia 25 21

Manic-depressive disorder 7 6

Post-traumatic stress disorder 3 3

Generalized anxiety disorder 3 3
Active use of central nervous system active 22/38 16/41 0.21
medication (Yes/No) **

Antidepressant (n/%) 14 15

Anticonvulsant (n/%) 2 2

Benzodiazepine (n/%) 2 5

NSAID: nonsteroidal anti-inflammatory drugs; MINI: mini-international Neuropsychiatric Interview.
**Some patients were using more than one type of drug; *Some patients were more than one psychiatric disorder

Table 2. Relationship of the outcomes and the main interest factor according to the spectrum of responders and non-
responders to CPM-task. Data are presented as mean and standard error (n=117).

Non-responders (n = 60) Responders (n = 57) p value
Visual analogue scale2 7.49 (1.68) 6.81 (1.58) 0.03
Beck depression inventory II (BDI-II)® 25.43 (11.49) 20.09 (8.87) 0.00
Brazilian Portuguese pain catastrophizing scale? 35.73 (10.55) 26.95 (12.09) 0.00
Pittsburgh sleep quality index (PSQI)® 19.45 (7.01) 15.75 (8.20) 0.01
Brain-derived neurotrophic factor (BDNF) (ng/mL)? 50.58 (29.34) 40.61 (21.14) 0.03
S$100-B calcium protein (pg/mL)? 22.18 (11.04) 17.06 (8.22) 0.02
Fibromyalgia impact questionnaire (FIQ)? 69.24 (13.06) 58.75 (13.66) 0.00
Change in numerical pain scale during CPM-task? 1.20 (1.02) -1.90 (1.38) 0.00

CPM: conditioned pain modulation.
aCompared by t-test for independent sample.
bCompared by the Mann—Whitney test.

Multiple conditional logistic regression analysis to con- struct the propensity score-
adjusted index to identify factors according to the spectrum of responders and non-responders
to CPM-task.

The variables retained in the multiple conditional logistic regression analysis to

construct the propensity score-adjusted index to quantifying those likely to be non-
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responders to CPM-task. Potential factors related to a greater propensity to the
spectrum of responders and non-responders to CPM- task are summarized in Table 4.
The OR values resulting from the multivariate analysis were not derived from the full
model with all variables, but from the equation corresponding to the level at which the

risk factor of interest was first entered.

Table 3. ROC analysis to detect the failure of DPMS
according to the serum levels of BDNF and S100B protein

(n=117).
AUC 95% CI Cutoffs Sensitivity Specificity
Serum brain-derived neurotrophic factor (BDNF) (ng/mL)
0.67 (0.57-0.77) 7.6900 1.000 1.Uvv
10.2100 1.000 V.-D52
11.9250 1.000 U.Z02
12.4600 1.000 Vs
13.9700 0.983 s
16.4850 0.983 Yeges
18.3500 0.983 = T7*%
19.2550 0.983 0.895

19.9050 0.983
20.1950 0.983
Se um S100-B protein (ng/mL)

0.58 (0.45-0.66) 3.9600 1.000 1.000
5.4950 1.000 0.965
6.1650 0.983 0.947
6.3450 0.983 0.930
6.5750 0.933 0.930
6.9450 0.917 0.912
7.2900 0.900 0.895
7.5650 0.883 0.895

AUC: area under the curve; CI: confidence interval; ROC: receiver
operator characteristics.
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Figure 2. Nonparametric receiver operating
characteristics (ROC) analyses. The area under the curve
(AUC) with exact binomial 95% confidence intervals (CIs)
according to each cutoff point of serum BDNF and S100-B
protein is presented in Table 3.
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On the first level of the model, the variables such as analgesic use (four or more than
four time per weeks) and the HPT presented a higher risk for nor-responders to CPM-task with
an OR = 4.33 and OR = 1.18, respectively. Lowering each Celsius degree to detect the HPT
increased the risk for no responders to CPM-task by 18%. On the second level, a higher
propensity for non-responders to CPM-task was associated with poor sleep quality (OR = 2.66),
higher pain catastrophizing (OR = 3.67) and higher levels of serum BDNF (OR = 3.72). On the
third level, compared to the absence of psychiatric with one and two or more psychiatric
diagnoses showed a higher risk for nonresponders to CPM-task (OR 4.65 and 6.07,
respectively). On the fourth level, a higher impact of symptoms of fibromyalgia on quality of
life had a strong association with non-responders to CPM-task (OR = 6.86).

The composite index of symptoms associated with fibromyalgia and putative
neuroplasticity markers as a tool to detect the failure of DPMS. To screen non-responders to
CPM-task using the scores of each one of these indexes according to each step, variables
retained in each level of hierarchical multiple conditional logistic regression analysis are
presented in Table 5. These measures with their respective cutoff points each one of them would
offer were at least 90% or higher sensitivity and they reached 80% or higher in the specificity
as shown in Table 5.

The ability of each set of variables that constitute indexes to discriminate non-
responders to CPM-task from responders is presented in Figure 3. Setting the AUC showed that
the severity of fibromyalgia symptoms, together with the neuroplasticity biomarkers, permitted
us to construct a score that offers 100% sensitivity and 98% specificity to screening patients

with a failure of the DPMS upon the paradigm to nonresponders to the CPM-task.
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Table 4, Hierarchical multiple conditional logistic regression analysis to assess predictors for responsiveness to CPM-

task failure in fibromyalgia [n=117).

Beta SEM Wald p Odds ratio  CI 95%

Analgesic used [<4 times/=4 times per week] 1.466 0576 6.480 0011 4332 (1.40-13.38]
Heat pain threshold (HPT) 0.168 0.069 5959 0015 1.182 (1.03-1.36)
Pittsburgh sleep quality index [PSQI, cutoff-Q,;=17) 0.978 0.496 3.889 0.049 2.66° (1.06-7.03)
Brain-derived neurotrophic factor (BDNF)=58.11(ng/mL]  1.314 0549 5732 0.017 3.72° (1.27-10.91)
Brazilian Portuguese pain catastrophizing scale =33 1.300 0.477 7.432 0.006 3.67° (1.44-9.34)
Number of psychiatric diagnosis

None 5827 0.054

One diagnosis 1537 0.753 4163 0.041 4.65 (1.06-20.36)

Two or more diagnoses 1.804 0.752 5.747 0017 6.07¢ (1.39-26.54)
Fibromyalgia impact questionnaire (FIQ) =78 1927 07975 6189 0.013  6.8¢¢ (1.50-31.34)

FIQ: fibromyalgia impact questionnaire

Hierarchical multiple regression analysis. Cutoff point at quartile [cutoff-Q).

aModel 1: First block - age, score on VAS (cutoff=7), analgesic use (four or more than 4 days per week), heat pain threshold (HPT],

psychotropic medication (antidepressant and anticonvulsants).

®Model 2: Second block - model | along with catastrophizing pain [cutoff-Q,,=33], S100B (cutoff-Q,;=23.43), BDNF [cutoff-Q,;=58.11) and

PSQI (cutoff-Qy = 17).

cModel 3: Third block - model Il along with depressive symptoms by BDI-II, number of psychiatric diagnoses according to the MINI (major
depressive episode with dysthymia, mania-depressive disorder and generalized anxiety disorder).
Model 4: Fourth block - model Il along with FIQ [cutoff-Gys==78] to assess the impact of symptoms on quality of life.

Table 5. ROC analysis to detect the failure of DPMS
according to the index of propensity score of each step
of the hierarchical multiple logistic regression model

(n=117).
AUC 25% CI Cutoffs Sensitivity Specificity
Step | — [model I: analgesic use (four or more than 4 days

per week) and HPT)

0.681 (0.58-0.78) 0.2185269 0.982 0.983
0.2283567 0.965 0.967
0.2412153 0.965 0.950
0.2471011 0.965 0.933
0.2535917 0.947 0.933
0.2612195 0.947 0.9217
Step Il - (model lI: model | along with catastrophizing pain
(cutoff-Q,5=33), BDNF (cutoff-Q,5=58.11) and PSQl (cutoff-
Q,5=17))
0.785 (0.70-0.87) 0.0564277 1.000 0.983
0.0736317 1.000 0.967
0.0814282 1.000 0.950
0.0838870 0.982 0.950
0.0892560 0.982 0.933
0.0942823 0.982 0.9217
0.0962838 0.982 0.200
Step Il — (model Il1l: model Il along with number of

psychiatric diagnosis according to the MINI (major
depressive episode with dysthymia, maniac-depressive

disorder and generalized anxiety disorder)

0.818 (0.74-0.89) 0.0153715
0.0305837

0.0388753

0.0442709

0.0537171

0.0593224

.0610924

.000
.000
.000
.000
.000
.000
.982

O = b wd wmdwd -

0.983
0.967
0.950
0.933
0.917
0.900
0.900

({Continued)
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Table 5. [Continued)
AUC 95%ClI Cutoffs Sensitivity Specificity

Step IV - global index (model 4: model Ill along with FIQ
(cutoff-Q,;==78)

0.832 (0.75-0.90] 0.0089371 1.000 0.983
0.0139259 1.000 0.967
0.0193599 1.000 0.950
0.0263755 1.000 0.933
0.0318990 1.000 0.917
0.0349366 1.000 0.900

AUC: area under the curve; BDNF: brain-derived neurotrophic
factor; Cl: confidence interval; ROCs: receiver operator
characteristics; FIQ: fibromyalgia impact questionnaire; PSQI:
Pittsburgh sleep quality index; HTP: heat pain threshold.

Discussion

We constructed a framework that integrates the severity symptoms related to
fibromyalgia with the changes in the neuroplasticity state to comprehend their relationships
with the paradigm of the efficiency of DPMS according to the spectrum of the responders and
nonresponders to the CPM-task. More precisely, under a conceptual perspective, our findings
might explain the pathophysiological processes that underlie the fibromyalgia from a
biopsychosocial heuristic model. Thus, they bring attention towards their value to improve the
diagnosis with the perspective to the appraisal of some of its mediators in serum could
accelerate the translation of results to the bedside. In the sense, CSS is a primary mechanism of
the fibromyalgia pathophysiology, characterized to be a continuum phenomenon in which
patients may lie at one of its extremes. 41 It is worth noting that as expected that the severity of
this cluster of fibromyalgia symptoms can be useful to identify patients prone to have a higher
dysfunction of DPMS, which could be used as biofeedback for helping patients engage in
therapeutics and rehabilitation interventions. Likewise, it aids in reducing the psychological
and economic burden and could steer resources towards cost-effective interventions.

Aligned with this perspective, the reliability of serum BDNF reached 67% according to
AUC, that is, its positive predictive value to identify non-responder to CPM-task. This result is
supported by an earlier study that found that the inefficiency of DPMS was associated with
higher serum BDNF in the myofascial pain syndrome 31 and likewise, results were observed
in patients with different conditions of musculoskeletal pain. 42 Although the BDNF effect on
pain processing may be specific of each region of the central nervous system (i.e. spine,

brainstem, hippocampus, cortex, etc.), 43 our findings suggest that it can be a proxy marker to
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indicate the imbalance of DPMS. According to preclinical study, the BDNF at the brainstem
DPMS, either periaqueductal grey (PAG) or rostral ventromedial medulla (RVM) is originated
from neurons in PAG, and the activation of TrkB signalling by BDNF in RVM induces
facilitation in the descending pain pathway.44 Likewise, the BDNF activates specific nucleons
of raphe magnus (NRM) responsible for facilitation in the DPMS. Although the serum levels
of BDNF are an indirect measure of the BDNF in the brain, the literature data show that the
brain contributes to 70-80% of circulating BDNF. 2,3,45 Thus, changes in serum BDNF can
indicate a dysfunction of the central nervous system, given the growing literature showing a
lower serum BDNF in patients with major depression, whereas in fibromyalgia, its levels are
high. 46,47 These differences suggest that the serum BDNF indicates that a neuroplasticity
process underpins the pathophysiological mechanisms of each of the two conditions, which is
over-activated in chronic pain. However, we need parsimony in the interpretation of these
results, and more data are required to conclude that the generation of BDNF is a compensatory

mechanism related to the physiopathology of fibromyalgia.

Source of the
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Figure 3. Nonparametric receiver operating
characteristics (ROC) analyses. The area under the curve
(AUC) with exact binomial 95% confidence intervals (Cls)
according to each step of hierarchical multiple regression
analysis is presented in Table 4. The ROC shows the
discriminant properties of the set of variables retained

in each block. Variable retained in step |: analgesic

use (four or more than 4 days per week) and heat pain
threshold (HPT). Step Il: step | along with catastrophizing
pain (cutoff-Q,;=33), BDNF (cutoff-Q,5s=58.11) and PSQl
(cutoff-Q,5 > 17). Step lll: step Il along with the number

of psychiatric diagnoses according to the MINI (major
depressive episode with dysthymia, manic-depressive
disorder and generalized anxiety disorder). Step IV: step
Il along with FIQ (cutoff-Q,;=>>78) to assess the impact of
symptoms on quality of life.
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According to the AUC of S100B protein, its reliability properties to identify non-
responder to CPM-task is closer to 0.50, which is mildly better than chance. Although a higher
level of 100B protein in brain regions has been associated with pain signalling, this is the first
study to extent data of its relationship with the DPMS function. According to a study using
mice models with S100B, overexpressing decreased significantly the tactile threshold in
comparison to wild-type mice. Whereas, S100B knockout mice did not develop mechanical
hypersensitivity after spinal nerve transection. Likewise, a clinical study found that higher
serum S100-B was associated with lower pain pressure threshold in fibromyalgia. 48 Also, in
healthy females, the serum S100B was correlated with the concentration in oligodendrocytes,
particularly in the frontal, parietal, corpus callosum, dorsolateral prefrontal and temporal white
matter, 10,49 and, to a lesser degree, in the dorsolateral prefrontal and temporal cortices. 10
Increased S100B in minor depression has been suggested early glial pathology that precedes
specific neuronal changes such as in major depression. 50 Overall, these data suggest that its
serum level can be a proxy marker of white matter structural changes, and it could indirectly
indicate the role of neuroglia in the physiopathology of chronic pain. Given the close link
between neuroinflammation and chronic pain and the limited reliability of serum levels of
S100B to discriminate the dysfunction of DPMS, we could consider that the S100B protein may
have a critical role in mediating central pain sensitization and this process can include the
dysfunction of DPMS.

Our study showed that the dysfunction of DPMS is associated with the emotional burden
(e.g. depressive symptoms, number of psychiatric diagnoses, pain catastrophizing and disability
due to pain). This result is aligned with what we observe in a clinical setting, where the severity
of psychological symptoms is a factor associated with the severity of the disease, and it has
been demonstrated that it can be a predictive factor of treatment response. 51-53 The
multivariate model showed that these symptoms are positively correlated to dysfunction in the
DPMS. Thus, this result confirms our hypothesis that the severity of fibromyalgia symptoms,
related to psychological characteristics, may indicate the failure of DPMS.

Scores equal or higher than the value of the cutoff point to identify non-responders to
CPM-task in the composite index showed a [AUC] = 0.83, sensitivity = 100% and specificity
= 98%. Noteworthy, these results confirm our hypothesis that the dysfunction of DPMS is
correlated with the fibromyalgia symptoms’ severity and that it interferes with functional

disability. They permit clinicians to identify patients with a higher propensity to have a failure
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of DPMS based on the impact of fibromyalgia symptoms on personal and professional
relationships, physical activity, work and social commitments. The relevance of these findings
is even more significant because they indicate that only the intensity of diffuse pain does not
provide support to identify the severity of the inefficacy of the DPMS, which may be an
intermediate signal to enable more effective diagnosis and better management of symptoms.

Scores higher than 0.056 on index in the step Il (PSQI indicating bad sleep quality,
higher level of pain catastrophizing and high levels of BDNF), together with use of analgesic
(four or more than four days per week) determined to identify dysfunction of DPMS by the
spectrum of the non-responders to CPM-task showing [AUC] = 0.78, sensitivity = 100% and
specificity = 98%. According to previous studies, better functioning of pain inhibition was
positively associated with sleep efficiency and with the sleep duration in different pain
conditions (i.e. temporomandibular joint disorders, 54 rheumatoid arthritis 55 and
fibromyalgia).56 On neurobiological grounds, these findings may be explained by common
neurotransmitters involved in sleep, depressive symptoms and DPMS function, including
noradrenaline (NA), serotonin (5HT) and dopamine (DA). As far pain modulation, according
to preclinical studies, the DPMS depends on endogenous opioids in the PAG and noradrenergic
projections from the locus coeruleus 57-59 which dampens nociceptive afferents at the spinal
dorsal horn; 60 noteworthy, the PAG matter — a fundamental DPMS structure 27,61 has also
been shown to be correlated with sleep effectiveness. 62 In this line, an experimental study
using functional magnetic resonance imaging (fMRI) showed that, relative to controls,
fibromyalgia patients deactivated the rostral anterior cingulate cortex (rACC).63 This
functional imaging study suggests that in fibromyalgia brainstem dysfunctional structures
involved in pain inhibition are also included in sleep regulation, depressive symptoms and pain
catastrophizing. In humans, it seems that the perceived level of the conditioned stimulus pain
can be affected by cognitive manipulation. These results suggest that the mood can influence
the CPM response rather than solely on its physical intensity. 26 Although the design of this
study does not permit to determine the causal directionality, it is possible that impaired DPMS
engenders pain catastrophizing, depressive symptoms and sleep disturbances in fibromyalgia
patients.

Previous studies have demonstrated that pain catastrophizing is processed in brain areas
less activated during the CPM test, such as the secondary somatosensory cortex, the dorsolateral

prefrontal cortex, the anterior cingulate cortex and the cerebellum. 64-67 In addition, another
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study showed that pain catastrophizing was positively correlated with blood pressure 68 and a
similar correlation was observed between blood pressure levels and the CPM responses. 69,70
According to meta-analysis, a positive correlation of pain catastrophizing with electrical-based
CPM could be mediated by the autonomic nervous system. 26 Also, a higher pain
catastrophizing could lead to enhanced pain perception, with a higher CPM efficiency by the
attention bias. 71 From a treatment perspective, a better therapeutic approach (i.e. cognitive
therapy, antidepressant, mindfulness, etc.) might restore the DPMS efficacy and the cluster of
fibromyalgia symptoms. Although further prospective studies will need to sort out the
directionality of this relationship between the failures of DPMS with these main symptoms of
fibromyalgia, their relevance is their potential as a marker of therapeutic efficacy.

Concerns are related to the design and interpretation of these results. The downward
negative spiral of DPMS dysfunction has severe clinical consequences, as follows: first, we
included only women because it is recognized that exist sex differences in the pain threshold,
pain processing in the brain and in the circuitry of descending pain modulation (from midbrain
to brainstem to spinal cord) has been found to be robustly sexually dimorphic. 72 Besides, the
majority of studies described higher CPM responses in males. 73 Although a more
homogeneous sample reduces the potential for confounding bias, it limits the external validity.
Second, we include young and middle-aged adults since it has demonstrated an age-dependent
decline in CPM responses (i.e. middle-aged adults showed decreased CPM responses compared
with younger adults but not with older adults). 73 Third, AUC corresponds to the probability
of correctly identifying the condition of interest from ‘noise’ and is generally accepted as
satisfactory when >0.7. The ROC curve is the inherent validity of a test for identifying a
condition of nonresponders to CPM-task requires analysis of the tradeoff between sensitivity
and specificity. Finally, we constructed a propensity score-adjusted index to adjust the
relationship between dependent variables according to the spectrum of the responders and
nonresponders to CPM-task and all patients received a standardized stimulus in order not to
bias towards the paradigm to measure CPM-task.

These results showed in an integrative perspective that in fibromyalgia the severity of
main symptoms might identify patients prone to the inefficiency of DPMS according to the
spectrum of responders and non-responders to CPM-task. Also, they highlight that the
neuroplasticity mediators, such as BDNF and S100-B protein, could corroborate to validate the

CPM-task as a test that allows for inference regarding the loss of descending pain inhibition.
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Thus, the CPMtask is a simple, useful test to help in the individualized clinical decision-making

process based on its potential predictive properties for patient’s response to therapy.
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ARTIGO 2 -SUBMETIDO

Resting-state functional connectivity as a marker of the dysfunction of the descending

pain modulatory system in fibromyalgia. The Korean Journal of Pain.

Primary somatosensory cortex and periaqueductal gray functional connectivity

as a marker of the dysfunction of the descending pain modulatory system in fibromyalgia

ABSTRACT

Background: Resting-state functional connectivity (rs-FC) may aid in understanding
the link between pain-modulating brain regions and the descending pain modulatory system
(DPMS) in fibromyalgia (FM). So, we investigated rs-FC patterns between pain processing
brain networks and periaqueductal gray matter (PAG). Additionally, if the rs-FC between the
primary somatosensory cortex (S1) and PAG is related to the clinical symptoms, based on who

responders and non-responders to the conditioned pain modulation test (CPM-test).

Methods: Cross-sectional study, 33 women with FM. rs-FC was assessed by
functional magnetic resonance imaging. Change in the numerical pain scale during the CPM-
test assessed the DPMS function. Subjects classified either as non-responders (DPMS
dysfunction) (n=13) or responders (n=20) to CPM-test. Group analysis using a generalized
linear model (GLM) and a ROC analysis were performed to check the accuracy of the rs-FC to

differentiate each group.

Results: Non-responders showed a decreased rs-FC between the S1 and the PAG (S1-
PAG) [(x2 =10.41, DF =1 p< 0.001)]. The S1-PAG rs-FC in the left-brain hemisphere was
positively correlated with a central sensitization symptom and negatively correlated with sleep
quality and pain scores. A ROC analysis showed that S1-PAG rs-FC offers sensitivity and
specificity of 85% or higher [AUC 0.78, confidence interval (CI) 95%, 0.63-0.94] to
discriminate who does/does not respond to the CPM-test.

Conclusions: These results support using the resting-state FC patterns in the left S1-
PAG as a marker for predicting CPM-task response, which may aid in the treatment

individualization in FM patients.
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INTRODUCTION

Fibromyalgia (FM) is a chronic pain condition that comprises a widespread pain index
and emotional distress, fatigue, sleep disorders, depression, catastrophizing thinking, and
cognitive compromise. Although its pathophysiology remains unclear, several studies found
altered activations of several brain regions, such as thalamic nuclei, somatosensory cortices,
anterior cingulate, insular, and prefrontal cortices (1-3). A review of structural and functional
rearrangements in chronic pain indicates more active neural networks in pain, including the
thalamus, anterior cingulate cortex (ACC), primary and secondary somatosensory cortices (S1

and S2, respectively), and insular cortex (4).

Data of functional magnetic resonance imaging (fMRI) suggest that the ventrolateral-
periaqueductal gray matter (PAG) has indirect connections with both central lateral and medial
pain pathways and with the ACC and upper pons/medulla (5). The PAG relates to
somatosensory and affective-attentional pain components (2,6), with downward projections to
spinal dorsal horn neurons to modulate pain transmission information (7). These pathways
constitute the descending pain modulatory system (DPMS), whose dysfunction is frequent in
chronic pain syndromes (8).

The conditioned pain modulation test (CPM-test) assesses the function of the
DPMS based on the phenomenon of "pain suppresses pain“(9). The CPM-test activates a
cortical spinal-bulb-spinal loop responsible for diffuse noxious inhibitory control (DNIC). The
stimulation parameters, test sites, and study population influence the reliability of the CPM-test
and conditioning stimuli (10). A meta-analysis found fifty percent of intersession reliability
intraclass correlation coefficient (ICC) rated as good (ICC 0.60 to 0.75) or excellent (ICC>
0.75) (10). The CPM-test permits the evaluation of the function in the DPMS. Its dysfunction
in FM has been correlated with serum biomarkers of neuroplasticity, such as the brain-derived
neurotrophic factor (BDNF) and S100-B protein (11). Furthermore, the dysfunction of DPMS
is related to hyperinhibition at the cortical level (12) and increased scores in the Central

Sensitization Inventory (13).
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The resting-state functional magnetic resonance imaging (rs-fMRI) permits the
evaluation of the resting-state functional connectivity (rs-FC) between different brain regions.
This approach is practical when investigating the existence of a specific brain's functional
signature and coherence patterns associated with specific patient groups across chronic
pain(14). Regions with synchronous activity tend to correlate when blood oxygen level-
dependent (BOLD) activity is measured. However, studies have found no information on the
intrinsic functional connectivity (IFC) of pain processing areas with the severity of dysfunction
of DPMS.

FM is a disease that courses with central sensitization syndrome (CSS), likely
related to a deteriorated function of the neural networks involved in pain processing. However,
a gap in the literature persists regarding understanding the connection between pain processing
brain networks and the main structure involved in the propagation and modulation of the pain
of DPMS. Thus, we aimed to answer the following questions: (i) to examine if there are
differences in rs-FC patterns between the pain processing brain networks in patients who do/do
not respond to the CPM-test. (ii) to evaluate if these differences in activation patterns are related
to the clinical symptoms, based on who responds or does not respond to the conditioned pain
modulation test (CPM-test). We hypothesized that the connection between the networks
involved in the pain neuromatrix and in the DPMS might be a suitable marker for discriminating

patients with more clinical symptoms.
Study design and eligibility

The Institutional Review Board (IRB, CAAE 2018-0353) at the Hospital de
Clinicas de Porto Alegre (HCPA) approved the protocol of this cross-sectional study, which
was conducted according to Helsinki's declaration. Participants provided verbal and written
informed consent before participating and did not receive payment in exchange for their

participation. Recruitment was undertaken from January 2018 to December 2019.
Recruitment, inclusion, and exclusion criteria

We included 33 adult females, right-handed, aged 30 to 65, who could read and
write. Patients from the Pain Outpatient Clinic of Hospital de Clinicas de Porto Alegre (HCPA)

were invited to the study. Other participants became aware of the study through local newspaper
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publicity. All included subjects met the diagnostic criteria of FM by the standard assessment
protocol criteria for the diagnosis of FM (according to the American College of Rheumatology
- 2016), applied by senior physicians with more than fifteen years of experience in chronic pain
care. In addition, they should present daily disability for the routine activities due to FM during
the three months preceding the enrollment and report a score of at least 60 mm on the Numerical
Pain Scale (NPS, 0-10).

Furthermore, we used the following exclusion criteria: a positive history of
rheumatoid arthritis, lupus, any other autoimmune disease, neurologic or oncological disease,
any uncompensated clinical disease (i.e., ischemic heart disease, chronic kidney disease, and
hepatic disease), history of neurosurgery, current pregnancy, and illicit drug use during the last
six months. We also excluded all subjects that presented any of the following contraindications
to undergoing fMRI scanning: metallic brain implant, aneurysm clip, cardiac pacemaker,
cochlear prosthesis, ear implants, metallic fragments, or prosthesis, claustrophobia. All enrolled
subjects participated in a complete study assessment and were included in all analyses.

Sample size justification

We define the sample size, expecting results that could reveal if the relationship
between fs-FC and severity of dysfunction in the DPMS would be a reliable measure to infer
the severity of clinical symptoms. So, we defined the sample size expecting a large effect size
(f2) of 0.35 for multiple regression analysis, allowing for five predictors. The sample size of 31
patients was estimated for error types | and 1, with values of 0.05 and 0.20, respectively (Post-
hoc  Statistical Power  Calculator for  Hierarchical  Multiple  Regression:
http://www.danielsoper.com/statcalc3/calc.aspx(15). To account for unexpected factors that
could decrease study power, such as increased variability or missing data, we increased the

sample by 10%, and the required sample size was 33 patients.
Instruments and Assessments

All psychological tests used in this study have been validated for the Brazilian
population. We used the following instruments to assess psychological symptoms and sleep
quality: the Beck Depression Inventory-11(16), the Brazilian Pain Catastrophizing Scale(17),
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and the Brazilian Portuguese version of the Profile of Chronic Pain: Screen (B-PCP:S)(13). In
addition, the State-Trait Anxiety Inventory (STAI)(18).

Outcomes’ assessment

The dependent variables were the rs-FC in the S1 and the PAG. The main
interest factor was the score on NPS (0-10 during the CPM classified as non-responders and
responders to the CPM-test. Independent variables: age, education, pain catastrophizing,
disability due to pain, symptoms, sleep quality, pain scores, anxiety, number of psychiatric
diagnoses, analgesic use, and heat pain threshold, among others. The timeline of assessments

Is shown in Figure 1.

Widespread pain index (WPI) v'  Brazilian Portuguese Beck Depression Inventory (BDI)
Symptom severity scale (SSS) score v’ Pittsburgh Sleep Quality Index (PSQl)

American College Rheumatology (ACR-2016) v Heat Pain Threshold Test
v

Pain VAS (0-10) and analgesic use weekly Standardized Questionnaire to assess
Fibromyalgia Impact Questionnaire (QIF)

. 4

Brazilian Portuguese Pain Catastrophizing Scale (BP-PCS)
B-PCP:S - Brazilian Portuguese version of the Profile of Chronic Pain: Screen
Functional magnetic resonance imaging (fMRI)- imaging acquisition, processing and analysis
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Fig 1. Timeline assessments.

Functional magnetic resonance imaging (fMRI)- imaging acquisition, processing,
and analysis

Imaging acquisition
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Structural and functional images were acquired with a 3T Philips Ingenia
scanner, using a 15-channel head coil. The rs-fMRI was a single-shot T2*-weighted fast-field
echo, echo-planar imaging sequence (TR = 2000 ms, TE = 30 ms, Matrix = 80 x 80, FOV =
240 mm, flip angle = 90, 3x3x3.5 mm voxel size, 36 slices in ascending order with 0.35 mm
gap) with 300 volumes, totaling 10 minutes. Anatomical references were acquired using a T1-
weighted gradient-echo sequence (TR/TE = 8.5 /3.9 s, Matrix/FOV = 240/240 mm, flip angle

= 8° 0.94 mm isotropic voxel size, 200 sagittal slices).

All rs-fMRI processing was done using CONN18
(www.nitrc.org/projects/conn)(19), which is a toolbox that uses SPM12
(wwwfil.ion.ucl.ac.uk/spm) commands over MATLAB (MathWorks, Natick, MA, USA)
(20,21). The pipeline starts with preprocessing steps (segmenting anatomical volumes in gray
matter, white matter, and cerebrospinal fluid, realigning and unwarping, normalizing, and
smoothing the functional volumes). CONN's default denoising pipeline combines two general
steps: linear regression of potential confounding effects in the BOLD signal and temporal band-
pass filtering. We extracted the BOLD signal from each region of interest (ROIs) based on the
Harvard-Oxford Atlas predefined within CONN standard settings. Other ROIs were added
based on the relevant areas related to the pain connectivity literature (described in more detail
below). Factors identified as potential confounding effects to the estimated BOLD signal are
estimated and removed separately for each voxel and each subject and functional run/session,
using Ordinary Least Squares (OLS) regression to project each BOLD signal time-series to the
subspace orthogonal to all potential confounding effects. The temporal preprocessing started to
run a regression out of the BOLD signal to control motion artifacts and residual physiological
noise, followed by controlling the confounding variables (first-level covariates, the BOLD
signal from white matter, CSF, realignment parameters, scrubbing, and the CompCor approach
(22). Twelve potential noise components are defined from the estimated subject-motion
parameters to minimize motion-related BOLD variability, three translation, and three rotation
parameters plus their associated first-order derivatives. A variable number of noise components
(one for each identified outlier scan during the outlier identification preprocessing step) were
used as potential confounding effects to remove any influence of these outlier scans on the
BOLD signal. Temporal frequencies below 0.008 Hz or above 0.09 Hz are removed from the
BOLD signal to focus on slow-frequency fluctuations while minimizing the influence of

physiological, head motion, and other noise sources (19).
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Then, the BOLD signal from each individual was filtered (0.008 - 0.09 Hz). Filtering is
implemented using a discrete cosine transform windowing operation to minimize border effects
and is performed after regression to avoid any frequency mismatch in the nuisance regression
procedure. Thirdly, each rs-FC correlation measure was calculated from all ROIs concerning
each other in an FC matrix. Finally, after extracting the average time course from each ROI,

connectivity was estimated from Fischer Z scores.
Head Motion Effects

We applied ART (Artifact detection/identification toolbox) within the
CONN(19,22) environment to control for possible spurious correlations brought by head
movement artifacts. We chose the conservative threshold within CONN that sets the subject-

motion threshold at 0.5 mm.
Resting-state functional connectivity analysis

Spherical ROIs with MNI coordinates were chosen as predefined ROIs based on the
Harvard-Oxford Atlas using the CONN-fMRI Functional connectivity toolbox. The used radius
was 6 for the PAG and 10 mm for the remaining areas. ROIs were acquired from prior studies
as seeds. Together, they were used to create rs-FC maps of specific networks related to chronic
pain and FM for each subject, with rs-FC being measured using the following source seeds (see
Supplementary Table 1 for coordinates): PAG(6), left (L) and right (R) primary and secondary
somatosensory cortex (L_S1, R_S1, L_S2, R_S2)(23), left and right primary motor cortex,
(L_M1, R_M1)(24), left and right dorsolateral and ventromedial prefrontal cortexes
(L_DLPFC, R_DPLFC, L_MPFC, R_MPFC)(25)(26), left and right anterior e posterior insular
cortexes (L_alC, L_pIC, R_alC, R_pIC), left and right ACC (L_ACC, R_ACC)(23) left and
right ventrolateral and mediodorsal thalamus (L_VLTh, R_VLTh, L_MDTh,
R_MDTh)(27,28), left and right hippocampus (L_Hippo, R_Hippo)(29), amygdalae (L_Amyg,
R_Amyq)(30), nucleus accumbens (L_NA, R_NA)(31). After calculating the subjects’ FC map,
the second-level comparison was performed through an ROI-to-ROI analysis. The threshold for
bidirectional explorations of FC was p < 0.001 (i.e., positive, and negative associations). The
exploratory analysis results were considered significant if they remained after correction for

multiple comparisons (False Discovery Rate - FDR < 0.05).
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Assessment of widespread pain index, pain catastrophizing, disability due to pain,
and Widespread Pain Index

For the FM diagnosis, the American College of Rheumatology (ACR) criteria
were applied by a physician. The scale of FM symptoms ranges from 0 to 3 and is composed

of the widespread pain index (WPI) and the modified severity scale (SS scale).

The Brazilian Portuguese Pain Catastrophizing Scale (BP-PCS) is a self-
administered questionnaire comprising thirteen items to evaluate the presence of pain
catastrophizing thoughts. It is composed of a 0-4 score (zero being "not at all" and four being
"all the time"™). Furthermore, it has subscales divided into the following dominions:
magnification, rumination, and helplessness. The summation of all items computes its total

score, ranging from 0 to 52 points(13,32).

The Central Sensitization Inventory for the Brazilian Population (CSI-BP)
assesses central sensitization symptoms (CS). Higher scores are indicative of severe symptoms.
It has 25 items and a total score that ranges from 0 to 100, evaluating the presence of physical
signs, emotional distress, headache, and urological symptoms. Part B of the test assesses

psychiatric and neurological disorders related to CS (13).
Psychophysical measures

The heat pain threshold test (HPT) was evaluated based on the method of limits
with a computer Peltier-based contact thermode (30 x 30 mmz2) attached to the skin on the
ventral aspect of the subject's non-dominant forearm. A computerized version of the thermode
determines the HPT on the volar side of the non-dominant forearm. The heat is set at 32°C. The
thermostat heats up at a rate of 1.0°C/second to 52°C. The HPT is the minimum heat stimulus
to induce pain, and it was obtained by the average of three assessments performed with an inter-
stimulus interval of 40 seconds (33). The thermode (Heat Pain Stimulator — 1.1.10) was
manufactured by the Biomedical Engineering Department at our institution and validated in a

previous study (34).

CPM-test:
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The CPM-test evaluates patients’ endogenous DPMS by the psychophysical
paradigm of conditioned pain modulation. It was assessed by the same computerized version of
the thermode described to determine the HPT. On the non-dominant forearm, we conducted
three Quantitative Sensory Testing (QST) assessments with a 40-second interstimulus gap.
Firstly, we recorded the thermode place temperature for patients' reported scores of 6/10 (NPS,
0-10) by the Quantitative Sensory Testing (QST). Thus, the temperature used in the test
stimulus was calculated as the temperature average (T0). Secondly, a cold pressor test (CPT)
was performed, in which subjects immersed their dominant hand (right hand) into the water at
a temperature of around 1°C. The QST was introduced 30 seconds after their hands were in the
cold water, and we evaluated the pain score on NPS (0-10) in the thermode (T1) area. Thirdly,
the CPM-test index was calculated, consisting of the difference between the pain score on NPS
(0-10) during the CPT (QST+CPM) (T1) at the temperature subjects reported a 6/10 pain on
NPS (T0). Non-responders would have a difference in the count on NPS (T1 minus TO0) equal
to zero or higher, whereas responders would have it below zero(35). The magnitude of the CPM
effect depends on the sensory modality used to deliver the conditioning, test stimuli, and the
body area tested(10). According to a meta-analysis, the CPM-test with a thermal test stimulus
showed reliability for repeatability by an intraclass correlation coefficient ranging from fair to
excellent (ICC 50.53; ICC 5 0.64; and ICC 5 0.83)(10). The CPM-test has been proposed as a
reliable prognostic factor in experimental and clinical pain studies(10).

Sociodemographic characteristics, health status, medicine use, psychiatric

diagnosis, and pain score

Demographic data and medical comorbidities were evaluated using a
standardized questionnaire. Psychiatric diagnoses were assessed by the Mini-International
Neuropsychiatric Interview (MINI)(36). Weekly analgesic intake in the last three months was

recorded. They were dichotomized as <4 times per week or > 4 times per week.

The visual analog scale (VAS) is a visual scale for pain score assessment based on
millimeters, which ranges from "no pain" (zero) to “the worst possible pain" (100 mm). Patients

had to score their worst pain during the last 24 hours.

Efforts to address potential sources of bias



97

Subject selection was based on pre-specified criteria assessed by two researchers
with prior clinical expertise in chronic pain outpatient treatment. Two evaluators specifically
trained for performing all assessments applied standardized protocols (e.g., the CPM test) and

questionnaires.
Statistical Analysis

Categorical and continuous variables were summarized using conventional
descriptive statistics. Continuous variables were compared with t-tests for independent samples,
while chi-square or Fisher's exact tests were used for categorical variables. The Shapiro-Wilk
test normality. The univariate analysis presented in Table 1 and the Spearman correlation
analysis (Table 4) were used to identify potential confounding variables in the relationship
between the S1-PAG rs-FC according to responders and non-responders to the CMP-test. The
criterion for a variable to be included and retained in the Generalized Linear Model (GLM) was
a p-value equal to or less than 0.05. The multivariate GLM included the following variables:
psychiatric diagnosis, central nervous system medication (i.e., antidepressant and
anticonvulsant), central sensitization, catastrophizing pain thinking, sleep quality, and the
impact of FM symptoms on quality of life. We included one variable at a time in the model to
select a minimum number of variables, considering that our sample size is small. However, the
final GLM model comprises all variables retained in the final model. We used the following
approaches to detect potential multicollinearity: (i) The magnitude of change in the standard
errors with each additional factor included in the model. (ii) The changes in the regression
coefficients when a factor was added or removed. (iii) We compared whether the beta changed
the coefficients' signs when the relationship between the factor and the outcome was examined
separately and in combination with other factors. The Cramer's V measured effect size for chi-
square tests. We wanted to differentiate properties based on the CPM-test division between
non-responders and responders. Thus, a nonparametric receiver operating characteristics (ROC)
analysis was performed with exact binomial 95% confidence intervals (CI). Multiple
comparisons were adjusted using the Bonferroni test, and two-tailed tests were used. We
accepted a type | error of 5%. We used the software SPSS 22.0 (SPSS, Chicago, IL, USA) for

the statistical analysis.

RESULTS
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Patient characteristics

We included 33 women with FM out of 50 screened candidates. The clinical and
sociodemographic descriptions of the final sample are given in detail in Table 1. Six patients
did not fulfill the diagnostic criteria for FM or presented pain levels on most days for the last
three months. Five had another clinical diagnosis defined as exclusion criteria. In addition, six
had contraindications for fMRI scanning. Compared to responder subjects, non-responders to
the CPM-test test have a higher prevalence of psychiatric disorders according to a short-
structured diagnostic psychiatric interview (MINI) and higher use of central nervous system

medication. Besides, they showed higher levels of pain catastrophizing.

Table 1.
Demographic, clinical characteristics, psychological, and pain measures related to the

pain of the study sample. Values are given as the mean (SD) or frequency (n=33).

Non- Respo
responder nder
valu
(n=13) (n=20)
e
Age (years) 48.00
52.11 (6.67)
(7.98) 19
Education (years) 12.55
11.44 (4.09)
(5.29) .58
Time of diagnosis (ys.) 6.95
6.78 (0.44)
(0.22) 17
Smoking Yes/No
2/11 7/13

.20



Clinical Comorbidity Yes/No 10

14
(76.90%) 13 49
(70%) /6 (30%)
(29.10%)
Hypertension (Yes) 9 4
Cardiac ischemia (Yes) 2 0
Diabetes (Yes) 0 2
Hypothyroidism (Yes) 5 2
Asthma (Yes) 0 1
Other (Yes) 2 0
Number of days analgesic used per
week in the last three months (<4 times/> 4 5 10(50
times) ** (38.46%)/8 (61.54%) %)/10 (50%) 51
Acetaminophen/Dipirone (Yes) 9 8
Dorflex  (Yes) orphenadrine 7 6
citrate + dipyrone
NSAID (Yes) 4 3
Opioid (Yes) 4 3
Psychiatric disorder according to 11 10
MINI (Yes/No) * (84.6%)/2 (15.4%)  (50%)/10 .04
(50%)
Anxiety 4 5
Major depression 10 12
Panic Syndrome 1 4

Obsessive-compulsive disorder 0 1
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Use of central nervous system 11 10
medication Yes/No** (84.6%)/2 (15.4%) (50%)/10 .04
(50%)
Tricyclic or dual inhibition of 6 7

monoamine reuptake antidepressants
Selective  serotonin  reuptake 5 4
inhibitor (SSRI) antidepressant
Anticonvulsant drugs 3 4
Benzodiazepine 2 2

Pain measures and severity of symptoms

Visual Analogue Scale (0-10cm) 8.25
8.63 (0.97)
(1.25) 43
Widespread pain index (WPI) 12.63
13.83 (1.99)
(1.92) .65
Symptom severity scale (SSS) 10.05
9.58 (1.83)
score (1.62) .79
American College Rheumatology 22.60
22.22 (3.86)
(ACR-2016) (2.42) A7
Heat pain threshold — Celsius 45.78
44.60 (3.33)
degree (C) (3.25) .38

Central sensitization symptoms, sleep quality, and
psychological symptoms
Central Sensitization Inventory 64.30 59.89

(14.39) (15.43) 46



Pittsburgh Sleep Quality Index 12.22 13.05
(3.884) (3.69)
Trait-Anxiety Inventory (reduced 33.00 27.15
version) (5.70) (9.93)
State-Anxiety Inventory (reduced 25.75
28.67 (5.93)
version) (6.43)
Beck Depression Inventory 23.55
21.33 (9.53)
(12.04)
Score on Pain Catastrophizing Scale 38.61 (7.17) 30.45
(PCS) (11.35)

101

.23

A1

.26

.63

.01

*Patients could have none or more than one psychiatric disorder.
**Some patients were using more than one type of drug.

MINI: mini-international Neuropsychiatric Interview.

For data analysis, analgesic use was included as a dichotomous variable (analgesics

less than four days per week or more than four days per week). For patients with chronic pain,

the rescue analgesic use changes each week depending on their pain level.

ROI-to-ROI Functional Connectivity Analysis

The results from functional connectivity analyses (Z score threshold > 3.96 and seed-

level-corrected-FDR P<0.05) and ROIs coordinates (X, y, and z) are shown in Table 2.

Table 2.

Results from functional connectivity analyses (Z score threshold > 3.96 and seed-

level-corrected-FDR P<0.05) and ROIs coordinates (X, y, and z).
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The ROI-to-ROI rs-FC analyses comparing non-responders to responders are shown in

Figure 2. Non-responders showed a decreased rs-FC between the left S1 and the PAG, as shown

in the blue line, compared to the responders. This finding was significant using a threshold of

p <0.001 for bidirectional explorations of rs-FC and after correction for multiple comparisons

(False Discovery Rate — FDR < 0.05), resulting in a minimum t-value of 4.46. The remaining

previously described ROIs did not survive the FDR correction analysis for multiple

comparisons. Therefore, we included only the left S1-PAG rs-FC in the subsequent analyses.
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Non-Responders > Responders

Fig 2.

Visual representation of resting-state fMRI ROI-to-ROI analysis according to
connectome ring view (threshold ROI-to-ROI connections — p-FDR (analysis-level correction)
and 3D map. The blue line color indicates lower FC between Left S1 and PAG in non-
responders compared to responders. S1: primary somatosensory cortex. PAG: periagueductal
gray matter. Maps were made using the CONN-fMRI Functional Connectivity toolbox(51). p
<0.001, FDR < 0.05.

Univariate analysis of the relationships between outcomes and the spectrum of

responders and non-responders to the CPM-test

The Spearman correlation analysis was used to explore the relationship among
left S1-PAG rs-FC (outcome) according to the spectrum of responders and non-responders to
the CPM-test and the following covariates: impact of FM symptoms on quality of life, pain
catastrophizing, depressive symptoms, central sensitization score, and sleep quality. Non-
responders to the CPM-test showed a moderate positive correlation of the left S1-PAG rs-FC
with pain catastrophizing, central sensitization score, and quality of life scores. Data are
presented in Table 3.
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Table 3.
Correlation among pain catastrophizing, depressive symptoms, central sensitization
score, sleep quality, and disability due to pain (n= 33).

Responders to CPM- Non-responders to CPM:
test(n=20) test (n=13)
Variables
1) 2) 3) 4) 5) 1) 2) 3) 4) 5)
Fibromyalgia Impact
Questionnaire (FIQ) (1)
Pain  catastrophizing
scale (2) .23 .27
Beck Depression
Inventory (3) .33 .64** .25 49
Pittsburgh Sleep
Quality Index (4) A4 .62** 62** .09 0.13 27
Central ~ Sensitization :
Inventory (5) 59** .24 A4 40 14%* .46 .49 .20
Left S1-PAG FC (6)
0.20 0.25 0.18 0.36 0.09 58**  67* 15 017 .60*
*p<0.05
** < 0.001

Multivariate analysis of pain and FM clinical scores with S1-PAG rs-FC between
groups of responders and non-responders to the CPM-test

The S1-PAG rs-FC marginal means adjusted by GLM and standard error in
responders vs. non-responders to the CPM-test was 0.051 (0.026) vs. -0.095 (0.033), [(x2
=10.41, DF =1 p< 0.001)], respectively. GLM (s) revealed a main effect on the S1-PAG rs-FC
according to responders and non-responders to the CPM-test after adjusting for opioid analgesic
use and the severity of clinical symptoms. The variable pain catastrophizing thinking did not

relate statistically with the S1-PAG rs-FC and was excluded from the final model.

The S1-PAG rs-FC connectivity was positively correlated with a central sensitization
symptom. In contrast, it was negatively associated with sleep quality, the impact of symptoms
on quality of life, and the severity of pain. The effect size (ES) according to the CMP-test group
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on the S1-PAG rs-FC was large (ES=0.58), and the ES of clinical symptoms on the S1-PAG rs-
FC was moderate (Table 4).

Table 4.

GLM to assess the relationship of DPMS function according to responders and non-
responders to CPM-test on the severity of clinical symptoms on the Central Sensitization
Inventory, pain catastrophizing, disability due to pain, and left S1-PAG FC (n=33).

S Cl
td. Error  95% ald > f ffect
size
Outcome: Left S1-PAG FC
( 0. (-
(Intercept)
335 1816 0.021t0 0.69) .394 .065
( 0. 0.0
Responders to CPM-test
145 0457 56 to 0.24) 0.109 .001 .58
Non-responders to CPM- |
test eferenc
e
: . 0. (-
Pittsburgh Sleep Quality
0.014 0058 0.026 to - .162 013 45
Index
.003)
. . 0. (-
Fibromyalgia Impact
Ouesti ire (FI0) 0.002 0010 0.004 to .417 036 .38
uestionnaire
0.001)
: : : 0. (-
Pain severity on Numerical
) 0.011 0052 0.021 to .395 036 .38
Pain Scale (0-10)
0.001)
Central Sensitization ( 0. (0.0
Inventory .003 0012 01to 0.005) .737 017 44

Primary outcome — generalized linear model analyses to compare responders and

non-responders. Df = degrees of freedom; *P < 0.05 indicates significant differences between
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treatments in the estimated marginal means adjusted for multiple comparisons by the
Bonferroni test. y2, Wald Chi-Square, Cl, confidence interval; B, regression coefficient; SE,
standard error. The Cramer's V was used as a measure of effect size for chi-square tests. The
size effect was interpreted as follows: Standards for interpreting Cramer's V proposed by
Cohen (1988) are the following. DF (degrees of freedom) = 1 (0.10 = small effect) (0.30 =
medium effect) (0.50 = large effect).

https://www.campbellcollaboration.org/escalc/html/EffectSizeCalculator-R5.php.

The S1-PAG rs-FC distinguishes patients with dysfunction of DPMS

Receiver operator characteristics analysis (ROC) showed non-responders could
be discriminated from responders using the cutoff point on S1-PAG rs-FC set to -0.24, offering
a sensitivity of 95% and a specificity of 85% or higher [AUC 0.78, confidence interval (ClI)
95%, 0.63 to 0.94]. The ROC curves are displayed in Figure 3.

ROC Curve
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Fig 3.
Nonparametric receiver operating characteristics (ROC) analyses. The area under the
curve (AUCs) with exact binomial 95% confidence intervals (Cl) of rs-S1-PAG FC.
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DISCUSSION

Our study revealed that rs-FC between left S1 and the PAG is significantly related to
the dysfunction of the DPMS. These findings indicate that the rs-FC left S1-PAG was
negatively correlated with quality of life in FM, sleep quality, and severity of pain. Conversely,
it was positively associated with central sensitization. Furthermore, they revealed that rs-FC
left S1-PAG shows satisfactory discriminatory properties in screening patients with a failure of
the DPMS according to the spectrum of responders and non-responders to the CPM test. To the
best of our knowledge, this is the first study that suggests a dysfunction in the cortical area
involved in the sensorial-discriminative component of pain (i.e., S1) with the PAG in FM. The
relevance of this result is that the rs-FC on the left S1-PAG might be a marker to discriminate
FM subjects with higher dysfunction of the DPMS, bringing a perspective of accelerating the

translation of surrogate measures to apply them at the bedside.

Although the study design hinders us from causally explaining these associations, it is
plausible that they could be a compensatory response to persistent hyperexcitability related to
chronic pain adaptation. Hence, this could result in the dysregulation of cortical function and
its connection with PAG. This hypothesis supports the PAG neurons' physiological processes,
which play a critical role in autonomic, motivated behavior, cortical motor, and perception
networks. Besides, it is the primary control center for descending pain modulation(37).
Therefore, the increase in connectivity might indicate “pain sensitization" rather than "pain
intensity". Given the earlier studies’ results, it is plausible that the increased rs-FC between the
left S1 and the PAG is related to CSS(11).

The current study found a higher rs-FC between the left S1 and the PAG. This finding
is aligned with previous studies in FM that found higher rs-FC between the insula and
interconnected networks of the brain's default mode network (DMN), including the medial
prefrontal cortex (MPFC), posterior cingulate cortex, precuneus, inferior parietal lobule,
hippocampal formation, and lateral temporal cortex(14,38,39). Likewise, an increase in
connectivity between the insula and the DMN has been documented in several pain conditions,
including chronic low back pain, osteoarthritis, and complex regional pain syndrome(14). In
contrast, a previous study found a decreased rs-FC of the PAG with areas associated with

motor/executive, DMN, and premotor cortex in FM patients compared to healthy controls(6).
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Our results, therefore, add to the evidence about increasing rs-FC between brain areas
involving pain processing(40,41). Its significance highlights that the left S1-PAG rs-FC is
positively correlated with the symptoms of central sensitization. This implies that increased
connectivity between these brain regions may point to decreased function in these neural
networks. So, based on the weakening of cortical inhibition, we think the shift in the left S1-
PAG may signify up-regulation phenomena of the intracortical inhibitory networks.
Neurophysiological results support this idea, as shown by an increase in short intracortical
inhibition (SICI)(12). Though the precise mechanism of central sensitization is not fully
understood, transmission changes and dysfunctional synaptic strength have been proposed as
potential causes of the CSS symptoms. So, the rs-FC might help to comprehend how
unfavorable interactions in areas' activity cortical responsible for sensory discrimination,
motivation, emotion, motor, attention, arousal, and response selection might arise with
symptoms of CSS(42). A critical point to consider in this approach is the limitation of the
correlation analysis used to assess the co-activation of different brain areas since it cannot
establish a relationship type, cause-effect, or the direction of impact. According to earlier
studies, the dynamic processes of rs-FC can change in rest, compared to stimulus, in the way
FM displays a substantial imbalance in the connectivity within the pain network during rest(38),
as well as the descending pain inhibition might have a ceiling effect that lessens thalamic
activity(43). Considering this, it is possible that the left S1-PAG results from increased
persistent excitatory input of pain signals between important antinociceptive locations, such as
the brainstem, where descending analgesic pathways originate. While several cortical regions
have been proposed as possible sources of faulty pain inhibition in FM, the CSS scores reveal
abnormal processes in the PFC and motor cortex(44).

Furthermore, we recognize that the connectivity measurements of forebrain regions
may only be indirectly related to such brain areas, even though the relationship between rs-FC
among target areas involved in pain processing and the severity of clinical symptoms is still up
for debate, and further longitudinal studies are required to understand these complex
relationships fully. In this situation, connection measures must be seen as proxies; yet this does
not limit the use of connection metrics to identify FM patients with more severe clinical
symptoms. Overall, these results show that the efficiency of DPMS and cortical dysfunction are
related, and they also show the importance of looking into the rs-FC as a possible indicator of
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disease severity and its relationship with clinical symptoms (such as pain catastrophizing,

central sensitization, sleep quality, pain scores, and quality of life impact).

The increase in the rs-FC between the left S1-PAG might indicate an exhaustion of the
endogenous pain modulatory system since both areas are involved in pain modulation. This
hypothesis supports our findings in the discriminative analysis by ROC analysis to screen non-
responders to the CPM test. The cutoff value of 0.24 provided a good profile in terms of
sensitivity, specificity, and an AUC of 0.78 to identify subjects with greater DPMS dysfunction.
Thus, these findings suggest that the abnormal rs-FC within these neural networks may be a
marker of the dysfunction of the neurobiological systems underpinning FM symptoms. More
precisely, from a conceptual perspective, they suggest a deteriorated function of these areas is
part of the cascade of events connected to the inefficiency of the descending endogenous pain-
modulation system. At the same time, the leftward asymmetry in functional connectivity with
the S1 with the PAG neurons could reflect differences in integration and specialization in pain
processing or be a severity marker of dysfunction in cortical processing of pain. According to
a previous study, the left amygdala lateralization in pain processing is responsible for the main
component of the affective-emotional pain pathway related to the DPMS(45). Thus, the
asymmetry in the rs-FC left S1-PAG found in the current study may explain this result. We are
conscious that more results are needed to allow some conclusion; this result opens a new avenue
to investigate if the pain is processing a lateralized in some brain areas. Although many
networks are strongly lateralized, such as language and visuals in the left and right hemispheres,

the sensorimotor networks' laterality is not yet well established(46).

We found a moderate correlation between pain catastrophizing and rs-S1-PAG rs-FC
in univariate analysis. However, this correlation lost statistical significance in the multivariate
analysis (Table 3). According to the literature, diverse cortical areas involve the FC and
catastrophizing pain thinking, such as S1, S2, DLPFC, mPFC, and ACC. Also, the anterior
insula, thalamus, and DMN (mPFC-posterior cingulate cortex (PCC)/precuneus)(47). In light
of these mixed results, further studies using a similar paradigm with a large sample size are
needed to clarify these differences. Data indicates that pain catastrophizing may contribute to
individual differences and susceptibility to subsequent chronic pain disorders. According to an
earlier study, cognitive-behavioral therapy to reduce pain catastrophizing reduced FC between

S1 and anterior/ medial insular cortex(48).
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The negative correlation of quality-of-life scores, sleep quality, and severity of pain
with the left rs-S1-PAG gives us support to comprehend the relationship between the
dysfunction of cortical processing in target areas involved in pain processing and its connection
with a site with a significant role in the DPMS. It is conceivable that the increase of rs-S1-PAG
reflects an adaptation to counter-regulate the cortical hyperactivated consequent to the
inefficiency of DMPS. This idea finds some ground in a previous study with FM from fMRI
that found more significant activity than controls in response to painful stimuli in prefrontal,
supplemental motor, insular, and anterior cingulate cortices(49). Also, they agree with previous
studies that the severity of clinical symptoms, including pain, is linked to the dysfunction of
DPMS(11). So, they align with emerging evidence, suggesting that FM pain is mediated by

central nervous system hyperexcitability rather than only peripheral pathology.

We addressed some points concerning study design that should be considered. Firstly,
although the literature supports selecting ROIs to study FC, they might not correspond precisely
to the broad anatomical spectrum of pain-related areas. Hence, this limitation should be
considered in interpreting current findings, especially regarding PAG, due to its small
representation area. In addition, to improve the precision of the measure, we performed a ten-
minute-long resting-state scan to overcome technical issues related to data acquisition. In
contrast, most previous studies use a five or 7-min scan. Secondly, we do not have a control
group because our main interest was comparing FM groups according to the DPMS
dysfunction. Thirdly, psychiatric disorders are potentially confounding in cortical processing
and cannot be adequately controlled, including medication antidepressants, analgesics, mood
stabilizers, and antipsychotics. Fourth, we included only females since existing sex differences
in pain processing involve physiological and psychological variables, including mechanisms of
the DPMS, the capability to endure pain, and pain expectation(50). Finally, FM exhibits
substantial variability in somatic and cognitive symptoms. Thus, this heterogeneity translates
into fMRI brain phenomenology, limiting the precision and specificity of generalizations'

interpretations for other pain conditions.

The rs-FC patterns of the left S1-PAG may help to identify those patients with more
severe inhibitory dysfunction of the DPMS. In addition, they support the hypothesis that the
DPMS and the somatosensory cortex are involved in maladaptive neuroplasticity processes.
Overall, they shed light on how cortical structure and function relate to the pathophysiology of
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primary chronic pain. Therefore, they open new avenues to personalizing top-down therapy
approaches to improve DPMS effectiveness and cortical areas with a central role in pain

processing.
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CONSIDERAGCOES FINAIS

Este trabalho faz parte da tese de obtencdo de Doutorado em Clinica Médica pelo autor

principal e esta inserido em uma das linhas de pesquisa desenvolvidas pelo Laboratorio de Dor

& Neuromodulagdo do Hospital de Clinicas de Porto Alegre/Universidade Federal do Rio

Grande do Sul (UFRGS), voltada ao estudo de mecanismos de neurofisiologia da dor, que conta

com a participacgdo de dois centros mundiais de exceléncia: Spaulding Neuromodulation Center
da Harvard Medical School, Boston, MA, EUA, e o laboratério IfADo Leibniz Research Center
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for Working Environment and Human Factors, Dortmund, Alemanha. O trabalho, portanto,
insere-se no projeto teméatico do Laboratério de Dor & Neuromodulagdo, que visa a
compreender a integracdo dos diversos mecanismos neurobioldgicos, diagndsticos e
terapéuticos, com a finalidade de gerar conhecimento para embasar protocolos de assisténcia e
pesquisa.

No primeiro estudo, demonstramos que a disfuncéo do sistema modulatério descendente
da dor esté correlacionada com a gravidade dos sintomas da FM e com marcadores séricos de
neuroplasticidade, e que o conjunto desses sintomas pode predizer a disfuncdo do sistema,
facilitando a avaliag&o clinica. Ademais, demonstramos que a intensidade da dor difusa medida
pela escala analogo visual tem menor precisdo diagndstica do que outros sintomas, como
catastrofizacdo, qualidade do sono e impacto da FM.

No segundo estudo, demonstramos que pacientes fibromialgicas com o sistema
modulatério descendente disfuncional apresentam menor CFI entre o cortex somatossensorial
e a PAG (areas envolvidas na neuromatriz da dor e no sistema modulatério descendente,
respetivamente) e que essa conectividade, por sua vez, apresentou alta especificidade e
sensibilidade para distinguir os dois grupos de pacientes. Ademais, a CF entre essas duas areas
apresentou correlacdo com os sintomas de sensibilizacdo central, qualidade do sono e escores
de dor.

Os resultados obtidos serdo divulgados em artigos de repercussao internacional em
periddicos de bom impacto, independentemente dos resultados encontrados. Também poderéo
ser apresentados em eventos cientificos, congressos e seminarios, com ampla divulgacéo apos

a andlise e publicacdo.

PERSPECTIVAS FUTURAS

Os estudos de neuroimagem para avaliacdo das alterac6es enceféalicas, especialmente da
conectividade funcional intrinseca, sdo promissores: devem trazer ainda mais informacdes,
como aconteceu nos Gltimos 20 anos. Estudos de RM com fMRI, com protocolos de avaliagdo
mais avancados e com sobreposicdo com dados de técnica de tensores de difusdo em grandes
bases de dados, como os “connectomes”, poderdo fornecer maior embasamento para a

compreenséo da sindrome de sensibilizag&o central.
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Desta forma, o progresso no conhecimento dos diferentes mecanismos de CFl e do
sistema modulatorio descendente em individuos com FM e sua correlagdo com varidveis
clinicas possibilita um refinamento na abordagem diagnostica e terapéutica. Assim, abre
oportunidades para explorar o impacto de terapéuticas. De fato, como perspectivas futuras,
objetivamos avaliar o impacto da neuromodula¢do nos mecanismos de conectividade cerebral

e avaliar os diferentes resultados clinicos que essa abordagem podera proporcionar.



120

ANEXOS

ANEXO 1 - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

N° do projeto GPPG ou CAAE

Titulo do Projeto: A DISFUNCAO DO SISTEMA MODULATORIO DESCENDENTE EM
PACIENTES COM FIBROMIALGIA E SUA CORRELAGCAO COM VARIAVEIS CLINICAS ECOM A
CONECTIVIDADE CEREBRAL AVALIADA POR ESTUDO DE RESSONANCIA MAGNETICA
FUNCIONAL EM ESTADO DE REPOUSO

A senhora ja aceitou participar do projeto de pesquisa “COMPARACAO ENTRE A APLICACAO DA
NEUROMODULCAO TRANSCRANIANA DE CORRENTE CONTINUA SOBRE OS CORTEX MOTOR
PRIMARIO E PRE-FRONTAL DORSOLATERAL NA CONECTIVIDADE CEREBRAL INTRINSECA
AVALIADA POR RESSONANCIA MAGNETICA FUNCIONAL (fMRI) NA FIBROMIALGIA: UM ENSAIO
CLINICO RANDOMIZADO, DUPLO-CEGO CONTROLADO”, CAAE: 80762717.1.0000.5327. Gostariamos
de convida-la a participar de outro projeto relacionado, do mesmo grupo de pesquisa. Este novo projeto inclui uma
avaliacdo adicional em relacdo ao projeto do qual a senhora € participante, com o objetivo de entender melhor a
fibromialgia. Este projeto é também realizado pelo Laboratério e Dor & Neuromodulagdo do Hospital de Clinicas
de Porto Alegre (HCPA).

Se a senhora aceitar participar da pesquisa, além de autorizar a utilizagdo dos dados coletados pelo projeto
ao qual a senhora ja aceitou participar, também realizara um exame de ressonancia magnética, em que vocé devera
vir ao Servico de Radiologia do Hospital, em data previamente agendada com a senhora. Durante 0 exame de
ressonéncia magnetica, a senhora se deitard em uma cama e permanecera com a cabe¢a em um tubo vazado (o
tubo ndo é fechado em nenhum lado e possui ventilagdo normal) por 30 minutos, sem se mexer. O exame é indolor
e seguro e, diferentemente de exames de Raio X e Tomografia, ndo utiliza radiacdo ionizante. Nao é necesséria
injecdo de nenhuma substancia ou contraste. O principal desconforto durante o exame € o ruido emitido pela
maquina, que sera minimizado com utilizacdo de espumas colocadas em cada lado da cabeca e o fato de ter que
permanecer parada, sem trocar de posicéo.

A participagdo na pesquisa nao trara beneficios diretos aos participantes, porém, contribuird para o
aumento do conhecimento sobre o assunto estudado, e, podera beneficiar futuros pacientes. Sua participagdo na
pesquisa é totalmente voluntéria, ou seja, ndo é obrigatéria. Caso vocé decida ndo participar, ou ainda, desistir de
participar e retirar seu consentimento, ndo havera nenhum prejuizo ao atendimento que vocé recebe ou possa vir a
receber na instituigdo.

N&o esta previsto nenhum tipo de pagamento pela sua participacdo na pesquisa e vocé ndo terd nenhum
custo com respeito aos procedimentos envolvidos, porém, podera ser ressarcido por despesas decorrentes de sua
participacdo (ex.: despesas de transporte e alimentac&o), cujos custos serdo absorvidos pelo orcamento da pesquisa.

Caso ocorra alguma intercorréncia ou dano, resultante de sua participagdo na pesquisa, vocé recebera

todo o atendimento necessério, sem nenhum custo pessoal.
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Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente. Os resultados seréo
apresentados de forma conjunta, sem a identificacdo dos participantes, ou seja, 0 seu nome nao aparecera na
publicagdo dos resultados.

Caso vocé tenha davidas, podera entrar em contato com o pesquisador responsavel Prof® Dr. Wolnei
Caumo ou com o pesquisador Dr. Matheus Soldatelli, pelo telefone (51) 3359-6377, ou com o Comité de Etica em
Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA), pelo telefone (51) 33597640, ou no 2° andar do HCPA,
sala 2227, de segunda a sexta, das 8h as 17h.

Esse Termo é assinado em duas vias, sendo uma para o participante e outra para os pesquisadores.

Nome do participante da pesquisa

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:
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ANEXO 2 - STROBE CHECKLIST ESTUDO 1

Checklist conforme declaracdo Strengthening the Reporting of OBservational studies

in Epidemiology (STROBE)

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a
commonly used term in the title or the abstract
(b) Provide in the abstract an informative and
balanced summary of what was done and what was
found
Introduction
Background/rationale 2 Explain the scientific background and
rationale for the investigation being reported
Objectives 3 State specific objectives, including any
prespecified hypotheses
Methods
Study design 4 Present key elements of study design early in
the paper
Setting 5 Describe the setting, locations, and relevant
dates, including periods of recruitment, exposure,
follow-up, and data collection
Participants 6 (@) Give the eligibility criteria, and the
sources and methods of selection of participants
Variables 7 Clearly define all outcomes, exposures,
predictors, potential confounders, and effect modifiers.
Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of
measurement data and details of methods of assessment
(measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential
sources of bias
Study size 10 Explain how the study size was arrived at



Quantitative variables 11
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Explain how quantitative variables were
handled in the analyses. If applicable, describe which

groupings were chosen and why

Statistical methods 12

(a) Describe all statistical methods, including

those used to control for confounding

(b) Describe any methods used to examine
subgroups and interactions

(c) Explain how missing data were addressed

(d) If applicable, describe analytical methods

taking account of sampling strategy

(e) Describe any sensitivity analyses

Results

Participants 13*

(a) Report numbers of individuals at each
stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in

the study, completing follow-up, and analysed

(b) Give reasons for non-participation at each

stage

(c) Consider use of a flow diagram

Descriptive data 14*

(a) Give characteristics of study participants
(e.g. demographic, clinical, social) and information on

exposures and potential confounders

(b) Indicate number of participants with

missing data for each variable of interest

Outcome data 15*

Report numbers of outcome events or

summary measures

Main results 16

(@) Give unadjusted estimates and, if
applicable, confounder-adjusted estimates and their
precision (e.g., 95% confidence interval). Make clear
which confounders were adjusted for and why they were

included

(b) Report category boundaries when

continuous variables were categorized

(c) If relevant, consider translating estimates
of relative risk into absolute risk for a meaningful time

period

Other analyses 17

Report other analyses done—e.g. analyses of

subgroups and interactions, and sensitivity analyses
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Discussion

Key results 18 Summarise key results with reference to study
objectives

Limitations 19 Discuss limitations of the study, considering
sources of potential bias or imprecision. Discuss both
direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of
results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability  (external

validity) of the study results

Other information

Funding 22

Give the source of funding and the role of the
funders for the present study and, if applicable, for the

original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological
background and published examples of transparent reporting. The STROBE checklist is best used in conjunction
with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of
Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the
STROBE Initiative is available at www.strobe-statement.org.
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ANEXO 3 - STROBE CHECKLIST ESTUDO 2

Checklist conforme declaracdo Strengthening the Reporting of OBservational studies

in Epidemiology (STROBE)

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a
commonly used term in the title or the abstract
(b) Provide in the abstract an informative and
balanced summary of what was done and what was
found
Introduction
Background/rationale 2 Explain the scientific background and
rationale for the investigation being reported
Objectives 3 State specific objectives, including any
prespecified hypotheses
Methods
Study design 4 Present key elements of study design early in
the paper
Setting 5 Describe the setting, locations, and relevant
dates, including periods of recruitment, exposure,
follow-up, and data collection
Participants 6 (@) Give the eligibility criteria, and the
sources and methods of selection of participants
Variables 7 Clearly define all outcomes, exposures,
predictors, potential confounders, and effect modifiers.
Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of
measurement data and details of methods of assessment
(measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential
sources of bias
Study size 10 Explain how the study size was arrived at



Quantitative variables 11
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Explain how quantitative variables were
handled in the analyses. If applicable, describe which

groupings were chosen and why

Statistical methods 12

(a) Describe all statistical methods, including

those used to control for confounding

(b) Describe any methods used to examine
subgroups and interactions

(c) Explain how missing data were addressed

(d) If applicable, describe analytical methods

taking account of sampling strategy

(e) Describe any sensitivity analyses

Results

Participants 13*

(a) Report numbers of individuals at each
stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in

the study, completing follow-up, and analysed

(b) Give reasons for non-participation at each

stage

(c) Consider use of a flow diagram

Descriptive data 14*

(a) Give characteristics of study participants
(e.g. demographic, clinical, social) and information on

exposures and potential confounders

(b) Indicate number of participants with

missing data for each variable of interest

Outcome data 15*

Report numbers of outcome events or

summary measures

Main results 16

(@) Give unadjusted estimates and, if
applicable, confounder-adjusted estimates and their
precision (e.g., 95% confidence interval). Make clear
which confounders were adjusted for and why they were

included

(b) Report category boundaries when

continuous variables were categorized

(c) If relevant, consider translating estimates
of relative risk into absolute risk for a meaningful time

period

Other analyses 17

Report other analyses done—e.g. analyses of

subgroups and interactions, and sensitivity analyses
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Discussion

Key results 18 Summarise key results with reference to study
objectives

Limitations 19 Discuss limitations of the study, considering
sources of potential bias or imprecision. Discuss both
direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of
results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability  (external

validity) of the study results

Other information

Funding 22

Give the source of funding and the role of the
funders for the present study and, if applicable, for the

original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological
background and published examples of transparent reporting. The STROBE checklist is best used in conjunction
with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of
Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the
STROBE Initiative is available at www.strobe-statement.org.
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ANEXO 4 - PRINCIPLES AND PRACTICE OF CLINICAL RESEARCH.

Curso Principles and Practice of Clinical Research (PPCR) da Harvard School of
Public Health (HSPH), EUA, realizado de forma online em Porto Alegre em 2017.

[sna]
i3

e %
HARVARD
TH.CHAN

SCHOOL OF PUBLIC HEALTH

This is to certify that
Matheus Dorigatti Soldatelli
has successfully completed
Principles and Practice of Clinical Research Program
March - October 2017

conducted by

Center for Executive and Continuing Professional Education
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ANEXO 5 - OUTSTANDING TEACHING ASSISTANT PRINCIPLES AND
PRACTICE OF CLINICAL RESEARCH.

Atuacdo como professor assistente no curso Principles and Practice of Clinical
Research (PPCR) da Harvard School of Public Health (HSPH), EUA, em 2018.

[ma=] SCHOOL OF PUBLIC HEALTH Principles and Practice of
AN | Eooae e [PPeR Clinical Research
Bal Professional Education K 4

Principles and Practice of Clinical Research
Harvard T.H. Chan School of Public Health
Center for Executive and Continuing Professional Education

Awards

Matheus Dorigatti Soldatelli

asa 2018
Outstanding Teaching Assistant |

For being a top performer Teaching Assistant in 2018 PPCR program.

FelipeFregri, MD, PhD, MPH, MEd
Assooate Professor, Harvard Medical Shodl
PPCR Gouree Director
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ANEXO 6 - PREMIO DE MELHOR CASO DE NEURORRADIOLOGIA
CONFERIDO PELO AMERICAN COLLEGE OF RADIOLOGY (ACR) E
AMERICAN INSTITUTE FOR RADIOLOGIC PATHOLOGY (AIRP)

Premiacéo ocorrida em Washington, DC, EUA, em 2018, durante o curso realizado na

mesma cidade, com duracgdo de um més.

Silver Spring, Maryland

Matheus Dorigatti Soldatelli , M.D.
has won the AIRP Radiologic Pathology Correlation Best Case Award for
Neuroradiology Imaging

For course date Sepetmber 10, 2018 — October 5, 2018 and therefore is awarded this

Certificate of Award

In witness whereof, we have hereunto affixed our signatures and the seal of the
American College of Radiology and the American Institute for Radiologic Pathology

4 _‘“ i a4 Wk ) P MO ﬁ!ﬁp
’ RADIOLOGIC FﬁIHE):ﬂH(‘]:
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ANEXO 7 - MASTER OF SCIENCE (M.SC.) DEGREE.

Titulo de Mestre em Ciéncias conferido pela Dresden International University (DIU),

Dresden, Alemanha, em 2019. Validado no Brasil como mestrado académico.

CERTIFICATE

DRESDEN INTERNATIONAL UNIVERSITY

confers on

Matheus Dorigatti Soldatelli

born on 29 January 1992 in Vacaria, Brazil

after successful completion in the course of study

,,Clinical Research“

the academic degree

Master of Science (M.Sc.)

Dresden, February 04, 2019

The President q;}", he Head of the Examination Board
‘S reisl O 4
ég,r o "?-1 /
WANA........... oo ] US| Y
Prof. Dr, Richard H, W, Fl\(& s Pyof. Dr. Rainer Lasch
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ANEXO 8 - VALIDACAO DO TITULO DE MEDICO EM PORTUGAL.
Obtido apos provas oral e escrita, atraves da Universidade do Algarve (UAIgQ).

SADE Do
>

v

' UNIVERSIDADE DO ALGARVE

5

o

Cou e

MARIA ISABEL CORREIA BORGES PEREIRA SIMOES, Diretora dos Servigos
Académicos da Universidade do Algarve, certifica, em face dos respetivos
registos existentes nesta Universidade, que: —----oooommmmm oo

Em cumprimento do despacho exarado no requerimento que fica
arquivado nestes Servi¢os, que o titule de “Mé&dico”, obtido na “Pontificia
Universidade Catélica do Rio Grande do Sul”™ - (Brasil), por Matheus
Dorigatti Soldatelli, portador do passaporte n® FO429261, foi, em doze
de junho de dois mil e dezanove, por deliberacao do respetivo jdri,
considerado equivalente ao grau de Mesire em Medicina, com a
classificacio de dezoito (18] valores, pela Universidade do Algarve, através
do Departamento de Ciéncias Biomédicas e Medicina -————----commmmmmmmano 5
Consta do termo lavrado para 0 efelto ——--- - mmmmmmmmmm s

A presente certiddo vai autenticada com o© selo branco desta Universidade ------- .

Faro, 26 de julho de 2019

A Diretora dos Servicos

kel SN

(Isabel Simoes)

Em, Certidao: 30.00 €

Conferido. (AL
ik,
Superion

Tecnica’



ANEXO 9 - RESIDENCIA EM RADIOLOGIA E DIAGNOSTICO POR IMAGEM.

De 2017 a 2020, no Hospital de Clinicas de Porto Alegre, RS, Brasil.

&

HOSPITAL DE

CLINICAS

PORTO ALEGRE RS

PROGRAMA DE RESIDENCIA L

Certificamos que o(a) Dr(a). MATHEUS DORIGATTI SOLDATELLI. CRM N° 42761
Médica na especialidade de RADIOLOGIA E DIAGNOSTICO POR IMAGEM, cursa

o titulo de de acordo com a Lei 6.932, publicada no
Comi de i ia Médica (CNF AEC) sob o n® 405887 em 02/03/202

4.820-40, concluiu Residéncia
017 a 29/02/2020, a quem
09/07/81, registrado na

[RS), 04 de margo de 2020.

Prof. Dr. José Geraldo Lopes Ramos _ Prof. Dr. Helena
Coordenador do Grupo de Ensine oord
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ANEXO 10 - FELLOWSHIP EM NEURORRADIOLOGIA E RADIOLOGIA DE

CABECA E PESCOCO.

De 2020 a 2021, no Hospital da Beneficéncia Portuguesa de Sao Paulo, SP, Brasil.

CERTIFICADO w Disgrosic

Certificamos que a Doutor

Matheus Dorigatti Soldatelli

CRM: 210,629 e CPF: 029.784.920-40, concluiu o Curso de Fellowship em Radiologia e Diagnéstico Por Imagem na

subespecialidade de Neurorradiologia e Cabega e Pescogo, cursado na Real e Benemérita Associagdo Portuguesa de
Beneficéncia de Sio Paulo - Hospital BE no perfodo de 01/03/2020 a 28/02/2021, perfazendo o total de 2.880 horas /ano.
Sdo Paulo 28 de Fevereiro de 2021.

| =<l (I(Iﬁ;'/

Dr. Mtheus Dérigate Soldatell

/ / «/C AAv LA N ‘v“*,’f:,. 4
' b Dr. Claudio égalhaes Rangel Dr. kuiz Eduardo Loureiro Bettarello
/ f,‘oov nad 7aenuﬂm Coordenador Geral COREME / Ensino Diretor Executivo Médico e de
Desesvolvimento Técnico

] Dr. Ldzaro Luls Faria do A% 7. Rather Gatiheriné Tatiiged. N
Preceptor Preceptor / ] i
[ 2 P ) ) / /
la c Raty
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ANEXO 11 - ATLJAQAO COMO NEURORRADIOLOGISTA DA UNIVERSIDADE
FEDERAL DE SAO PAULO (UNIFESP) E NA SANTA CASA DE MISERICORDIA

DE SAO PAULO (SCMSP).
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Atuacdo como médico contratado voluntario e preceptor no periodo de 2021 a 2022.

Universidade Federal de Sdo Paulo
Escola Paulista de Medicina

Coordenadoria de Graduagdo,

Residéncia Médica e Especializagdo

CERTIHCADO

Declaramos para os devidos fins, que o Dr. Matheus Dorigatti Soldatelli, CRM/SP nimero
210629, participou como stafl médico voluntirio no setor de Neurorradiologia da Unidade
de Diagnostico por Imagem da Universidade Federal de Sao Paulo (UNIFESP), no periodo

de  02/08/2021 a  01/02/2022, com carga horaria semanal de 4 horas.

Sio Paulo, 01 de fevereiro de 2022

ry -
GEA9T. Rodrigo Regacini

7 i
Vicg Chefe do Departamento de Chefe do Departamento de
Diagnéstico por Imagem Diagnéstico por Imagem

Registro N°. 8050

DECLARAGCAO DE VOLUNTARIADO

Declaramos para os devidos fins, que ofa) Dr(a). h Dorigatti CRM n® 210629,
participou como voluntario na Unidade de Diagndéstico por Imagem na drea de Cabega e Pescogo
da Santa Casa de Misericérdia de S3o Paulo, - as quartas-feiras — 08:00 as 12:00 no periodo de
01/04/2021 a 20/01/2022

S3o Paulo, 28 de janeiro de 2022.

VRU/?MAF?TINICO PRADO. 25 - HIGIENOPOLIS
CEP- O1 224-010 SAO PAULO/SP
= 5| 76-7O00 wWww SANTACASASP ORG &R

TEL -1 1



136
ANEXO 12 - DIPLOMA EUROPEU EM NEURORRADIOLOGIA.

Diploma obtido em setembro de 2022, apés realizacdo e aprovacdo em 4 modulos
(semestrais) e prova final, oral e escrita. Conferido pela European Society of Neuroradiology
(ESNR).

W T

ERNE
o

EUROPEAN BOARD OF NEURORADIOLOGY

=P AN
BIE /A

IN NEURORADIOLOGY

This is to certify that
Matheus Dorigatti Soldatelli

having fulfilled the required criteria and satisfied at the final examination
on September 13-14, 2022
has been awarded the
European Diploma in Neuroradiology (EDiNR)
by the European Board of Neuroradiology (EBNR).
This qualification attests a standard of neuroradiological knowledge
deemed appropriate by the EBNR for independent practice

in Neuroradiology, based on the established ESNR Training Curriculum.

Prof. Pia Maly Sundgren Prof. Majda M. Thurnher
7 / C
ey ) Sl — Crcex ks Toscta
/ 7
ESNR President EBNR Chair of the Man

EDINR151-2022

y (ESNR) and
EMS)
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ANEXO 13 - CLINICAL FELLOWSHIP IN PEDIATRIC NEURORADIOLOGY.

Clinical Fellowship em curso no The Hospital for Sick Children (SickKids), Toronto,
Canada, com duracéo de 1 ano, iniciado em julho de 2022.

THE HOSPITAL FOR
SICK CHILDREN

July 7, 2022

American Society of Neuroradiology (ASNR)

To Whom It May Concern:

RE: DR. MATHEUS D. SOLDATELLI

Dr. Matheus D. Soldatelli is a registered clinical fellow in paediatric neuroradiology in the
Department of Diagnostic Imaging at The Hospital for Sick Children from July 1, 2022 to June 30,
2023.

It would be greatly appreciated if he is registered in the American Society of Neuroradiology
(ASNR) as an in-training member.

Sincerel

Dr. Oscar Navarro
Director of Paediatrfic Radiology Fellowship Program
Department of Diagnostic Imaging

The Hospital for Sick Children

cc: Savannah Clancey



