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1 MARCO TEORICO

1.1 Aterosclerose e inflamacéao

Originalmente considerada um distarbio decorrente do acumulo progressivo
de lipoproteinas do colesterol nas paredes dos vasos, a aterosclerose € atualmente
reconhecida como uma doenca inflamatéria crénica multifatorial do sistema arterial
(1,2). O reconhecimento dessa natureza inflamatoria € clinicamente importante visto
gue somente 50% dos pacientes com aterosclerose apresentam dislipidemia (3).
Além disso, a prevaléncia de outros fatores de risco tradicionais como o tabagismo,
o diabetes e a hipertensdo arterial é similar entre pacientes com doenca
cardiovascular documentada e individuos da mesma faixa etaria sem a doenca (4).

A disfungéo endotelial é considerada o evento inicial do processo inflamatorio,
levando a progresséo e degeneracao da placa aterosclerética (5). A agresséao do
endotélio por agentes nocivos de acao local ou sistémica, como acumulo de
lipoproteinas, estresse mecanico e oxidativo, agentes infecciosos, uremia, toxinas do
cigarro, variagdes genéticas, homocisteinemia, doencas auto-imunes, entre outros,
implica em alteracdo da homeostase local, desencadeando diversas reacfes de
resposta (2,5). Os principais elementos que caracterizam a resposta a leséao
endotelial sdo as alteracbes de adesividade, permeabilidade, capacidade
proliferativa e trombogénese. Inicialmente, o endotélio lesado perde sua propriedade
de ndo-aderéncia a células circulantes, produzindo moléculas de adeséao, integrinas
e selectinas, que modulam o recrutamento e proliferacdo de mondcitos, macréfagos,
linfocitos e plaquetas na parede vascular. Estes elementos celulares ativados
promovem a liberacdo de citocinas, interleucinas, fator de necrose tumoral-q,
interferon-a, fator quimiotatico de mondcitos, CD40 ligante, metaloproteinases de
matriz extracelular, entre outros. Entdo, ocorre retroalimentacdo positiva pro-
inflamatoria, com liberacdo adicional de citocinas, agregacédo de particulas de LDL
oxidado na superficie endotelial, producdo e liberacdo hepatica de substancias
inflamatodrias, como a proteina C reativa (PCR), e ativacdo do sistema do

complemento e da cascata inflamatéria sistémica (2).
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A alteracdo da permeabilidade endotelial leva a deposi¢cdo subendotelial de
particulas de LDL oxidado que, por sua vez, sdo seqlestradas, modificadas e
fagocitadas por macréfagos, originando as células espumosas (foam cells) que
caracterizam histologicamente a leséo precoce (2,6,7).

A manutencdo do estimulo pré-inflamatério leva a fase proliferativa, com
producdo intensa de outras interleucinas, fator de necrose tumoral-a, fator de
crescimento plaquetario e fator de crescimento fibroblastico. Em um primeiro
momento ocorre um aumento acentuado na sintese de colageno, a partir da ativacao
de fibroblastos, formando a capa fibrosa. Assim, a lesdo precoce transforma-se em
placa madura, que apresenta crescimento excéntrico e remodelamento positivo
(2,6,7).

O crescimento da placa de ateroma compromete progressivamente a
propriedade anticoagulante das células endoteliais, originando um estado pro-
trombogénico, para o qual contribuem diversos fatores, como a prépria atividade
inflamatoria local, a ativacdo plaquetaria, as alteracées no metabolismo do 6xido
nitrico, o aumento da fosfodiesterase A,, a liberacdo de agentes vasoconstritores
(tromboxanes, leucotrienos, serotonina, endotelina-1 e angiotensina-2) e,
principalmente, a ativacdo das metaloproteinases de matriz extracelular (2,6,7,8).

Por sua vez, as metaloproteinases de matriz promovem a degradacao do
colageno e, em placas ateroscleréticas avancadas, estdo associadas a hemorragia
intraplaca, ruptura da capa fibrosa, trombose, embolizacéo, e oclusdo. Dependendo
do leito vascular envolvido, estes eventos podem trazer conseqiéncias agudas e
catastroficas que incluem quadros de sindrome coronariana aguda, sindromes
isquémicas viscerais ou de extremidades e, quando comprometem a circulacdo extra

e intracraniana, podem culminar em quadros de isquemia cerebral (2,6).

1.2 Doenca aterosclerodtica cerebrovascular

A doenca aterosclerética cerebrovascular tem alta prevaléncia nos paises
desenvolvidos e no Brasil, constituindo-se na segunda maior causa de morte e
principal causa de incapacitacdo na populacdo adulta mundial (9,10,11). Cerca de
0,2% da populacdo ocidental (2.000/1.000.000) é acometida por ataque vascular
encefalico (AVE) a cada ano, com uma taxa de mortalidade de 30% no primeiro ano

e evolugdo com sequelas maiores e incapacitagdo em outros 30%, ocorrendo
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recuperacéo da capacidade produtiva nos casos restantes (12). Nos EUA, ocorrem
mais de 700.000 casos novos ou recorrentes de AVE anualmente, e destes,
160.000 s&o fatais. Aproximadamente 80% de todos os AVEs sao de origem
isquémica, e 60% destes sdo atribuidos a doenca aterotrombotica extracraniana. A
aterosclerose carotidea, na maioria dos casos atingindo a bifurcagéo, € responséavel
por 20% de todos os AVEs pelos mecanismos de trombose ou embolizagéo, e
representa importante alvo para a prevenc¢ao primaria e secundaria (13-15).

1.3 Doenca oclusiva de carotidas

Na aterosclerose carotidea, os sintomas geralmente estdo relacionados a
embolizacdo ou trombose relacionada a placa aterotrombética localizada na
bifurcagéo, resultando em isquemia do territorio cerebral acometido (16).

As manifestacbes da isquemia cerebral dependerdo do territorio vascular
comprometido, dos mecanismos compensatorios, relacionados ao estado
hemodinamico geral do paciente e dos ramos colaterais a partir do poligono de
Willis. As manifestacbes de insuficiéncia vascular cerebral apresentam formas
diversas e quadros clinicos que variam de ligeiros distarbios visuais e sensacdes de
perda de sensibilidade até quadros neurolégicos graves com sequelas motoras
definitivas e morte. Caracteristicamente, o0s fendmenos tromboembdlicos
provenientes da bifurcacdo carotidea causam déficit hemisférico focal,
manifestando-se por amaurose ipsilateral, hemiparesia ou hemiplegia contralateral,
de predominio braquial, ou por dificuldades de expressédo, como afasia, disfasia ou
disartria, quando é acometido o hemisfério cerebral dominante. Sintomas como
tonturas, vertigem, alteracdes posturais ou sincope sdo mais raros e, geralmente,
sugerem comprometimento concomitante do territério vértebro-basilar (17,18).

Quando o quadro de isquemia cerebral apresenta reversdo completa em até
24 horas, sem deixar sequelas, denomina-se ataque isquémico transitério (AIT), o
gual apresenta risco de 30% de recorréncia ou evolucdo para AVE. Entretanto, se o
déficit neurologico dura mais de 24 horas, caracterizando o infarto cerebral,
denomina-se AVE, independentemente da recuperacéo futura ou do grau de sequela
neuroldgica. Atualmente, tal distincdo € reconhecidamente arbitraria, visto que danos
teciduais permanentes sdo encontrados em até 25% dos pacientes com AITs
(17,18,19).
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1.4 Endarterectomia carotidea

A endarterectomia carotidea (EC) € uma cirurgia profilatica que tem como
objetivo evitar a ocorréncia de lesdes isquémicas cerebrais em pacientes com
doenca obstrutiva de artérias carétidas. Diversos ensaios clinicos realizados na
década de 1990, baseados principalmente no percentual de estenose, estabelecem
critérios de indicacdo cirtrgica e demonstram que a EC diminui a incidéncia de AVE
e morte em pacientes sintomaticos ou assintomaticos (17,20-23).

Em pacientes sintomaticos, a realizacdo da EC visa impedir a evolucao para o
AVE nos pacientes com AIT, ou salvar o parénquima cerebral sob risco de novo
infarto, e restaurar a qualidade de vida, nos casos de AVE ja estabelecido. Nesses
casos, 0 beneficio da EC foi claramente estabelecido por meio dos resultados de
dois ensaios clinicos, o North American Symptomatic Carotid Endarterectomy Trial
(NASCET) e o European Carotid Surgery Trial (ECST) (24,25).

No estudo NASCET, publicado em 1991, pacientes com estenose de carotida
igual ou superior a 70% na angiografia e com AIT ou AVE néo incapacitante nos
ultimos 120 dias foram randomizados para receberem terapia antiagregante
plaquetéaria (TAP) ou TAP e endarterectomia carotidea. Em 659 casos analisados, a
incidéncia em 2 anos de AVE ipsilateral incapacitante foi significativamente maior no
grupo clinico (26%) do que no grupo cirdrgico (9%), com uma reducdo do risco
relativo de 65% (24).

Posteriormente, os pesquisadores do NASCET estudaram os resultados da
EC em pacientes com estenose carotidea moderada (entre 30 e 69%). Nos casos de
obstrucdes entre 30 e 49% nao houve beneficio com a intervencado cirdrgica, mas
em pacientes com estenoses entre 50 e 69%, houve um beneficio estatisticamente
significativo no grupo da EC; porém, de menor magnitude do que o observado nos
individuos com estenose severa. A reducdo na incidéncia de AVE ipsilateral com a
EC foi de 4,4% em 90 dias, e este beneficio manteve-se em 8 anos de seguimento,
0 que justifica a realizacdo do procedimento nesta situacdo, desde que a taxa
acumulada de AVE e Obito intra-hospitalar da equipe cirlrgica ndo exceda a
encontrada no estudo (3%) (26).

No estudo ECST, que também incluiu pacientes sintomaticos com estenose >

70%, os 1.811 casos alocados para tratamento cirargico apresentaram reducgdo
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relativa de risco de 84% para o desfecho AVE maior, comparados aos 1.213
pacientes tratados clinicamente, com maior beneficio nos pacientes com estenoses
superiores a 80%, e nos homens em relagdo as mulheres. As andlises finais do
estudo ECST ainda demonstraram o beneficio da EC no grupo de pacientes com
estenose entre 50% e 69% na angiografia, e resultados piores em comparacao a
terapia antiplaquetaria nas lesées menores que 30%, devendo nestes casos ser
contra-indicada (27,28,29).

Na doenca obstrutiva assintomética de carétidas é dificil determinar com
precisdo o numero de AVEs que podem ser evitados pela EC na populacdo geral.
Por isso, apesar de existirem evidéncias que suportam a indicacdo de EC em
individuos assintomaticos, sdo dados menos robustos em comparacdo aos
estabelecidos para o0s casos sintomaticos. Os principais ensaios clinicos
demonstrando os resultados da EC em pacientes assintomaticos sado o
Asymptomatic Carotid Atherosclerosis Study (ACAS) e o Asymptomatic Carotid
Surgery Trial (ACST) (30,31).

No estudo ACAS, 1.662 pacientes com estenose igual ou maior que 60%,
diagnosticada por ultrassonografia ou arteriografia, foram randomizados para
receberem TAP, ou EC e TAP, e acompanhados por 5 anos. No grupo submetido a
tratamento clinico, a taxa de AVE ipsilateral foi de 11%, pouco mais do que o dobro
da observada nos pacientes operados (5%). A reducdo absoluta do risco foi de
5,9%, e de risco relativo de 55%, sendo este beneficio mais significativo nos
homens, pela elevada taxa de complicacbes observadas no sexo feminino (3,6%
contra 1,2%). O estudo ACAS sustenta a recomendacao atual de indicar EC para
pacientes com estenose superior a 60%, desde que os resultados de morbidade e
mortalidade da equipe cirdrgica nao ultrapassem a 3% (30).

O ensaio europeu ACST recrutou mais de 3.000 casos assintomaticos de
estenose carotidea > 70%, analisados por ultrassonografia. Nesse estudo, os
autores observaram que houve reducédo de 50% no risco relativo de AVE ipsilateral
ou morte no grupo alocado para tratamento cirlrgico apés o seguimento de 5 anos
(31,32).
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1.5 Vulnerabilidade da placa aterosclero6tica na doenca carotidea

A vulnerabilidade da placa de ateroma, manifestada como ulceragéo da capa
fibrosa, ruptura da placa, ou hemorragia intraplaca, é responsavel pela maioria das
complicagles da aterosclerose (33). Desta forma, embora o percentual de estenose
atualmente ainda defina a tomada de decisdes terapéuticas na patologia carotidea, é
reconhecido que o0s eventos cerebrovasculares sdo determinados por placas
vulneraveis (34,35), com fortes evidéncias sugerindo que 0s sintomas clinicos e a
morbidade resultante da doenca estéo relacionados a instabilidade (36-41).

Os ensaios clinicos também comprovam que a obstrucao luminal é limitada
para determinar a ocorréncia de eventos clinicos e a historia natural da doenca
carotidea. O grau de estenose permite prever 1 entre 4 AVEsS em pacientes
sintomaticos e somente 1 entre 10 AVEs em pacientes assintomaticos. Além disso,
0s beneficios da EC diminuem com o retardo da cirurgia, embora seja improvavel
gue o grau de estenose tenha mudado significativamente no mesmo periodo de
tempo. Entdo, outras propriedades da placa, além do grau de obstrucéo
isoladamente, sdo importantes para identificar pacientes com risco de AVE
(22,25,29,30).

A placa carotidea vulneravel é aquela que apresenta uma elevada tendéncia
a causar eventos isquémicos relacionados a embolizacdo ou ruptura. Analises
histol6gicas de espécimes de endarterectomias carotideas sugerem que as placas
de alto risco apresentam um grande nucleo necrotico rico em lipidios, capa fibrosa
fina com tendéncia a ruptura, infiltrado inflamatério intenso, presenca de
neovascularizacdo e hemorragia intraplaca. Assim, a vulnerabilidade é ditada em
parte pela morfologia da placa que, por sua vez, € influenciada por mecanismos
fisiopatolégicos em nivel celular e molecular (33-35).

Neste contexto, 0 reconhecimento precoce das caracteristicas de
instabilidade da placa pode identificar um grupo de pacientes com potencial para
complicacBes tromboticas e que poderia se beneficiar de intervencfes mais

agressivas ou precoces (42-45).
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1.6 Hemorragia intraplaca

A alta prevaléncia de hemorragia intraplaca (HIP) em lesdes ateroscleroticas
avancadas, comprovada por estudos de anadlise histolégica, levanta a intrigante
possibilidade de ser este o principal mecanismo da progressdao da placa
aterosclerotica carotidea (Figura 1) (42). Recentemente, avancos nos métodos de
imagem permitiram avaliar, de forma nao-invasiva e sequencial, diversos aspectos
da placa aterosclerdtica carotidea e, em especial, a presenca de HIP. Ja é
reconhecido que a ressonéancia nuclear magnética (RNM) de alta resolugéo in vivo
pode identificar e estagiar a HIP em placas carotideas avancadas com alta
sensibilidade e moderada especificidade (46). O sangramento dentro da parede do
vaso pode estimular a progressdo do processo aterosclerético, por aumento do
nacleo lipidico e conseqiente aumento do volume da placa, e também por estimulo

de novos fatores desestabilizadores (47).

m

Freqiiéncia de Hemorragia Intraplaca
em Sitios Remotos da Lesao Culpada

Ruptura Eroséo Estenose
da Placa da > 75%
Placa

Figura 1. Exemplos de HIP da mesma leséo aterosclerética (A e B) e em
ampliados (C e D). Frequéncia de HIP em locais remotos da leséo culpada (E).
Adaptado de Virmani et al (42).
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Em um estudo prospectivo envolvendo 29 individuos (14 casos com HIP e 15
controles sem HIP), acompanhados por 18 meses com RNM, Takaya e cols. (48)
observaram que a HIP acelera a progressédo da placa aterosclerética carotidea. Os
pesquisadores do mesmo grupo, em um estudo envolvendo 154 pacientes
consecutivos com estenose carotidea assintomatica de 50 a 70% diagnosticada por
ultrassonografia, indicaram que a HIP identificada por RNM pode prever eventos
cerebrais isquémicos, como AIT, AVE, ou amaurose fugaz (49). Além disso, um
estudo mais recente (50) demonstrou que a HIP detectada por RNM pode prever
eventos cerebrovasculares recorrentes em pacientes com estenose carotidea grave
(60% a 99%). Do mesmo modo, Albuquerque e cols. (51) demonstraram, em um
estudo analisando 70 pacientes consecutivos submetidos a endarterectomia
carotidea, que a HIP evidenciada pela presenca de sinal hiperintenso na RNM de
alta resolugcéo estd associada com a instabilidade de sintomas neurologicos e a
elevacdo de marcadores inflamatérios sistémicos. Tais achados ndo se
correlacionaram com o grau de estenose angiografico ou com a espessura da capa
fibrosa, concordando com o conceito de que o grau de estenose luminal no sistema
carotideo, de modo semelhante ao que ocorre na doencga coronariana, ndo € um
marcador adequado de vulnerabilidade do ateroma.

Neste cenario, a HIP emerge como um aspecto central nos eventos que
levam a instabilidade da placa aterosclerotica, particularmente na circulacéao
extracraniana. Estudos recentes sugerem que a HIP pode representar um potente
estimulo aterogénico, contribuindo para a infiltracdo de macrofagos e para o
crescimento do ndcleo necrosado da placa aterosclerética (52). Adicionalmente, o
microambiente pré-oxidativo pode induzir alteracdes estruturais na hemoglobina livre
extra-eritrocitaria, agindo como um sinal danoso ao sistema imune e, assim,

contribuindo para o processo inflamatério que acontece dentro do ateroma (53).

1.7 Metaloproteinases de matriz

As metaloproteinases de matriz (MMPs) sdo enzimas proteoliticas que
degradam o colageno e outros componentes da matriz extracelular. Mais de 20
MMPs ja foram identificadas, incluindo as colagenases intersticiais (MMP-1),
gelatinases (MMP-2 e -9) e estromelisinas (MMP-3) (53). A MMP-1 cliva o colageno
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tipo | e Il, que s&o os principais componentes estruturais da capa fibrosa. A MMP-2
esta envolvida na clivagem de diversos tipos de substratos, como gelatinas,
colagenos tipo 1V, V, VII, X e Xl, fibronectina, elastina e proteoglicanos. A MMP-9
apresenta especificidade por colagenos tipo I, Ill, IV e V e também por gelatinas,
proteoglicanos e elastina. A MMP-3, secretada por macréfagos, cliva diversos tipos
de substratos como proteoglicanos, colagenos tipo IV e IX, fibronectina e laminina e,
ainda, pode ativar a MMP-1 (54).

A atividade das MMPs é regulada em mudltiplos niveis, incluindo a transcri¢cao
e sintese de zimogénios inativos, ativacdo de zimogénios, e inibicdo endégena pelos
inibidores tissulares de MMPs (TIMPs) (39,55). Alteracdes em qualquer um desses
mecanismos podem levar a expressdao aumentada de MMPs, que parece estar
relacionada a condi¢cdes patologicas de remodelamento vascular, incluindo a
instabilizacdo da placa aterosclerética (56,57).

Desta forma, o papel dessas proteinases na ocorréncia de eventos
isquémicos cerebrovasculares vem recebendo atencdo. Estudos histologicos
demonstraram que niveis elevados de MMPs podem ser encontrados em areas
instaveis de placas ateroscleroticas de endarterectomia carotidea (58,59). Alvarez e
cols. (60), por sua vez, demonstraram uma associacdo entre niveis elevados de
MMP-9 e placas instaveis em pacientes com eventos neurolégicos prévios, e uma
correlacdo positiva entre niveis séricos desta gelatinase e a presenca de macrofagos
em espécimes de endarterectomia carotidea. Estudando 404 pacientes submetidos
a endarterectomia carotidea, Verhoeven e cols. (61) encontraram niveis elevados de
MMP-8 e MMP-9 nas placas de ateroma dos pacientes com histéria prévia de AIT e
AVE. Além disso, niveis elevados de MMP-9 em pacientes com estenose carotidea
acima de 50% foram associados com risco duas vezes maior de AVE ipsilateral e
morte cardiovascular (62). Sapienza e cols. (63) também demonstraram niveis
plasmaticos elevados de MMP-1, -2, -3, e -9 em pacientes com placas instaveis
comparados a pacientes com placas estaveis e voluntarios saudaveis. Além disso,
as placas instaveis apresentaram atividade, producdo e expressdao de MMPs
aumentadas. No mesmo estudo, a expressao de TIMP-1 e -2 mostrou-se diminuida
em lesbes ateromatosas instaveis, sugerindo que um desequilibrio local na atividade
desses inibidores pode promover a vulnerabilidade da placa aterosclerotica.

Também ja foi demonstrado, por meio de
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analise imunohistoquimica, que placas ateromatosas vulneraveis apresentam

intensa colagenolise mediada por MMP-1 e -13 (64).

1.8 Metaloproteinases de matriz e hemorragia intraplaca

Parece haver uma correlagcédo entre alguns tipos de MMPs e a ocorréncia de
HIP. Nikkari e cols. (65,66) observaram a expressao de MMP-1 somente em
carotidas humanas com aterosclerose avancada e HIP em comparacédo a carotidas
com intimas normais. Mais recentemente, Nooijer e cols. (67), em um estudo
experimental com ratos, demonstraram que, em lesGes ateroscleroticas
intermediarias, a MMP-9 promove progressao da placa, afilamento da capa fibrosa,
e remodelamento positivo, ndo influenciando na incidéncia de HIP, ruptura ou
trombose. Ja em lesdes ateroscleréticas avancadas e complexas, a MMP-9
relaciona-se a morfologia da placa vulneravel, acompanhada de alta incidéncia de
HIP. Ja Tziakas e cols. (68), em um estudo envolvendo apenas 18 pacientes
consecutivos submetidos a endarterectomia carotidea, demonstraram que a alta
concentracdo de MMPs (particularmente MMP-9) em extratos teciduais, na area de
maior estenose, tem relacdo com a presenca de HIP. Entretanto, ndo encontraram

correlacdo entre niveis séricos de MMPs, HIP e instabilidade da placa.

2 JUSTIFICATIVA DA PESQUISA E HIPOTESES

A doenca oclusiva cerebrovascular é causada primordialmente por
aterosclerose carotidea e tem alta incidéncia e prevaléncia em paises desenvolvidos
e no Brasil. Na doenca obstrutiva de cardtida, os sintomas geralmente sao
secundarios aos fendmenos tromboembadlicos provenientes da bifurcacéo carotidea
causando morbidade (déficit hemisférico focal) e mortalidade elevadas. Uma das
opcOes terapéuticas comprovadamente eficazes para a prevencdo secundaria e
primaria de novos eventos cerebrovasculares é a endarterectomia carotidea; porém,
o beneficio clinico apresenta magnitude varidvel, de acordo com a presenca de
sintomas prévios e a gravidade da doenca oclusiva carotidea. Embora na atualidade
a deciséo terapéutica cirurgica na doencga carotidea seja definida pelo percentual de

estenose, é reconhecido que os eventos cerebrovasculares sdo determinados, pelo
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menos parcialmente, pela instabilizacdo das placas ateroscleréticas. As placas
vulnerdveis sdo caracterizadas pela presenca de necrose ou de hemorragia
intraplaca no seu ndcleo, separada do limen por uma ténue e instavel capa fibrosa,
além de infiltracdo de células inflamat6rias em areas especificas. Atualmente, ha
varios estudos sugerindo que os métodos ndo-invasivos como a ultrassonografia e a
RNM, ndo somente podem confirmar o percentual de estenose e permitir adequado
planejamento cirdrgico, como também podem revelar caracteristicas da composicéo
da placa da carétida, possivelmente associadas a maior ou menor suscetibilidade a
eventos agudos. Recentemente demonstramos que a RNM, utilizando a sequéncia
‘T1l-weighted’, pode identificar com adequada acuracia a presenca de hemorragia
intraplaca na avaliacdo pré-operatoria de pacientes submetidos a endarterectomia.

A aterosclerose hoje é reconhecida como uma doenga inflamatoria cronica e
sistémica, substituindo o conceito tradicional de entidade relacionada apenas ao
acumulo progressivo de lipidios na parede arterial. Os processos inflamatorios
participam de todas as etapas da fisiopatologia da doenca aterosclerética, desde sua
iniciacdo até os eventos finais de ruptura da placa. Na doenca obstrutiva de carétida,
trabalhos recentes tém procurado esclarecer o papel dos varios mediadores
inflamatorios circulantes envolvidos na formacéo, no crescimento e, possivelmente,
na instabilizacédo da placa.

As MMPs sdo uma familia de enzimas proteoliticas responsaveis pela
degradacao de diversos componentes da matriz, em particular dos diferentes tipos
de colageno, fibrina e proteoglicanos. A estromelisina-1 (MMP-3), a gelatinase B
(MMP-9) e a colagenase intersticial (MMP-1) sdo as proteases mais estudadas no
contexto da fisiopatologia da aterosclerose. O papel destas enzimas ho
desenvolvimento e instabilizacdo das placas ateroscleréticas carotideas ja foi
bastante estudado; entretanto, até 0 momento, pouco se sabe sobre a relacdo entre
as MMPs e a presenca de sangramento intraplaca. O presente projeto pretende
testar a hipétese que niveis séricos de MMPs estdo aumentados nos pacientes

submetidos a endarterectomia carotidea que apresentam hemorragia intraplaca.
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3 OBJETIVO GERAL

Avaliar marcadores séricos que identifiquem caracteristicas clinicas,
radiolégicas e histopatolégicas de vulnerabilidade da placa aterosclerética

carotidea.

4 OBJETIVOS ESPECIFICOS

> Determinar os niveis séricos das MMP-1, MMP-3 e MMP-9 em pacientes

submetidos a endarterectomia de cardétidas.

» Avaliar a correlacdo entre os niveis séricos das MMP-1, MMP-3 e MMP-9 e os

sintomas neurologicos.

» Avaliar a correlacédo entre os niveis séricos das MMP-1, MMP-3 e MMP-9 e as
caracteristicas radiologicas de instabilidade, definida pela presenca de

hemorragia intraplaca na sequéncia ‘T-weighted ’.

» Avaliar a correlagcéo entre os niveis séricos das MMP-1, MMP-3 e MMP-9 e o

achado histopatol6gico de hemorragia intraplaca.
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6.1 SUMMARY

Introduction — Carotid intraplaque hemorrhage (IPH) is a marker of atheroma
instability. Matrix metalloproteinases (MMPSs) are enzymes that participate in the
processes that lead to plaque destabilization and might be involved in IPH
pathogenesis. In the present study, we evaluated the potential association
between serum levels of MMPs with in vivo assessment of IPH by high-
resolution magnetic resonance imaging (MRI).

Methods — Consecutive patients submitted to carotid endarterectomy underwent
high-resolution MRI; independent evaluation of neurological symptoms;
histological analysis and measurement of serum MMP-1, MMP-3 and MMP-9.
IPH was determined non-invasively by the presence of a hyperintense signal at
MRI (T1-weighted sequence).

Results — Eighty-two predominantly male (66%) and hypertensive (89%) patients
(67 + 9 years-old) were studied. MR angiography identified 19 (23%) patients with
stenosis between 50 and 69%, 23 (28%) with stenosis between 70 and 90%, and
40 (49%) with stenosis greater than 90%. High-resolution MRI depicted a
hyperintense signal suggestive of intraplaque bleeding in 48 (58.5%) subjects. No
clinical characteristic was predictive of the hyperintense signal at MRI (all p values
> 0.10). Serum MMPs were similar in different degrees of carotid stenosis
assessed by MR angiography, but MMP-9 levels were significantly higher in

clinically unstable patients (p=0.047) and in those with a positive hyperintense
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signal at MRI (p=0.01). In a multivariate analysis of potential serum predictors of
IPH, MMP-9 was the only predictor of IPH (increments of 10 ng/mL with an odds
ratio of 1.51, 95% confidence interval = 1.06 to 2.20, p value = 0.018; c statistics =
0.65), while in a model adjusted for other clinical variables, history of recent
neurological symptoms was the only variable independently associated to IPH (p <
0.001; c statistics = 0.85).

Conclusions — Intraplaque hemorrhage evaluated by MRI identified
neurologically unstable patients, with increased levels of MMP-9 associated with
IPH, regardless of the degree of carotid stenosis.

Key words: atherosclerosis, hemorrhage, carotid artery, inflammation
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6.2 INTRODUCTION

Stroke is a major cause of morbidity and mortality in the adult population
(1,2). Thromboemboli from carotid atherosclerotic plaques are responsible for
approximately 30% of cerebral ischemic episodes. Carotid endarterectomy is the
most widely accepted interventional method of treating carotid atherosclerosis
(3) and its indication is based primarily on the degree of luminal stenosis (4-6),
although a well-established body of evidence suggests that acute vascular
events occur mostly due to the instability of the atherosclerotic plaques (7-9).
The so-called vulnerable atheroma is largely responsible for the clinical
complications of atherosclerosis and precedes the onset of most clinical
ischemic events (10). Plaque instability is characterized by a thin and at times
ulcerated fibrous cap that usually evolves to plaque rupture.

In this scenario, intraplague hemorrhage (IPH) has emerged as a central
aspect in the events that lead to plaque instability. Recent studies suggest that
IPH may represent a potent atherogenic stimulus contributing to macrophage
infiltration and enlargement of the necrotic core (11). Moreover, the pro-oxidative
intraplaque microenvironment may induce structural changes in extra-
erythrocytic free hemoglobin, acting as a dangerous signal for the immune
system and thus contributing to the inflammatory process that takes place within
the atherosclerotic plaque (12). In carotid atherosclerotic plaques, IPH is a

common feature that is involved in the pathogenesis of cerebral ischemic
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symptoms and may be accurately identified non-invasively by high resolution
magnetic resonance imaging (MRI) (13).

Matrix metalloproteinases (MMPs) are a family of at least 26 different
zinc-dependent endopeptidases that are responsible for the degradation of
extracellular matrix (ECM) proteins. Several of these enzymes are
overexpressed in the shoulder regions of atherosclerotic plagues and participate
in the processes that lead to plaque destabilization particularly by degrading the
fibrous cap (14,15). Elevated levels of serum MMPs are associated to the
presence of macrophages in the plaque and identify patients with recent
neurologic symptoms and worse prognosis (16,17). The role of MMPs on the
development of IPH is not well-known, but recent experimental data on carotid
arteries suggest that lesional overexpression of MMP-9 might be involved in
pathogenesis of IPH especially in advanced lesions (18).

In the present cross-sectional study we enrolled consecutive patients
submitted to carotid endarterectomy to evaluate the potential association of
serum levels of MMP-1, MMP-3 and MMP-9 with in vivo morphological evaluation

of the carotid atheroma by high-resolution MRI aiming at the detection of IPH.

6.3 METHODS

6.3.1 Patients
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The present study enrolled patients with definite carotid atherosclerotic
disease and internationally-accepted, guideline-based criteria for carotid
endarterectomy (19,20). Patients were selected between December 2004 and
December 2007, at the Cardiovascular Surgery Division of the S&o Lucas
Hospital of the Pontifical Catholic University of Rio Grande do Sul. Patients
suffering from known infectious or autoimmune diseases, those who were unable
to undergo MRI or whose atherosclerotic plague was considered to be unsuitable
for histological analysis (n = 2) were not included in the present study. Also,
patients with severe peripheral arterial disease (pain at rest, ischemic cutaneous
lesions or gangrene), as well as patients with acute coronary syndromes and
those submitted to surgical or percutaneous interventions during the previous 90
days were also excluded, as all these conditions might increase serum
inflammatory markers. The present protocol was approved by the Ethics
Committee of that institution and all patients signed a written informed consent

form before enrollment.

6.3.2 Clinical characterization

All patients were classified according to the presence and evolution of
neurological symptoms, assessed by an experienced neurologist who was
unaware of MRI data or other clinical variables. Patients were classified as (1)
unstable (or recently symptomatic), defined as the presence of ipsilateral

hemispheric symptoms in patients in whom plaques were removed within 90
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days of the event, or (2) stable (asymptomatic or remotely symptomatic), defined
as patients with no ipsilateral neurological symptoms whatsover or with ipsilateral
hemispheric symptoms, but with endarterectomy performed more than 90 days

after the event.

6.3.3 Magnetic resonance imaging

All MRI exams were performed on a Siemens Magneton Vision Plus
apparatus (Siemens® Inc., Erlangen, Germany). The MRI protocol included two
different contrast-weighted images: time of flight (TOF) to estimate level of
angiographic stenosis and T1-weighted (T1W) sequence to access intraplaque
hemorrhage, using the same image window acquisition.

MRA was performed by the usual technique, in weighted 3D TOF (time-of-
flight) pulse sequences, corresponding to the noncontrast phase, and gradient
3D Turboflash, related to the contrast phase (intravenous gadolinium). Luminal
stenosis was determined according to NASCET criteria (21) evaluated by the
relation between the smallest diameter of the narrowed segment and the largest
diameter of the internal carotid artery, distal to the lesion. The graduation of
stenosis was adapted from Nederkoorn et al (22), divided into three categories:
50 to 69% stenosis, 70 to 90% stenosis, and stenosis greater than 90%.

The technique used to detect areas of hemorrhage was similar to the
protocol described by Moody et al (23), with the purpose of identifying the

presence of methemoglobin in the extracellular matrix. We used a three-
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dimensional MPRAGE pulse sequence, with 10.3 ms of repetition time, 4 ms of
echo time and 1000 ms of delay time, flip angle 15°, 1 acquisition. Fat
suppression was used for TIW images to reduce signals from subcutaneous
tissue. This combination produced signal amplification in T1W in areas
containing recent thrombus or hemorrhage, identified by the hyperintense signal
(carotid high signal). Whenever the brightness was more intense than in adjacent
soft tissues, the signal was classified as positive for acute or recent hemorrhage.
Images were obtained with a 30 x 30 cm? field of view, matrix size 256, and 1.07
mm slice thickness. MRIs were interpreted by two experienced blinded
reviewers. The highest percentage of stenosis prevailed in the case of
disagreement between the reviewers. Plaque length was measured and the

proximal and distal margins were defined for comparisons with histology findings.

6.3.4 Serum markers

In the operating room, before anesthetic induction, 20 mL of blood were
drawn from a peripheral vein and immediately processed. Hs-CRP was
measured according to a nephelometric method by the Behring CardioPhase
assay (Behring® Inc., Marburg, Germany), in which monoclonal antibodies to
human CRP were used in a cooled serum aliquot, as previously described (24).
MMP-1, MMP-3 and MMP-9 levels were determined with a commercially
available enzyme-linked immunosorbent assay (ELISA), using Biotrak assay

system (Biotrak®, Buckinghamshire, UK), validated for use with human serum.
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ELISA'S were performed according to the manufacturers' instructions. These
provide a specific and precise quantitative determination of enzyme levels and
are based on a two-side ELISA sandwich format, using two antibodies directed

against different epitopes of the enzyme.

6.3.5 Surgical technique

All patients were operated by the same surgeons (L.C.A. and L.B.N.)
under general anesthesia, with orotracheal intubation and monitoring of mean
arterial pressure. Dissection of carotid bifurcation was performed according to the
usual technique, avoiding hemostasis by compression to limit embolization or
disarrangement of the plaque architecture. After infusion of intravenous heparin
(1.0 mg/kg), an anterior longitudinal arteriotomy was performed, long enough to
reach the margin of the normal artery wall, 10 mm cranially and caudally to the
lesion. The atheroma was removed by detachment and immediately stored in a
10% phormol solution. After removal of plaque debris, reversion of

anticoagulation with protamine was performed (1.0 mg/kg V).

6.3.6 Histological analysis

During surgery, every effort was made to avoid disruption of the plaque

anatomy and to identify both the posterior-anterior and proximal-cranial

references for subsequent comparison to MRI. Thus, before infusion on phormol
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solution, the posterior and cranial surfaces of plaque specimens were dyed to
define spatial markers for later comparisons to MRI findings, as recommended by
Lovett et al (25). After decalcification and inclusion in paraffin block, 10 um
samples were sectioned at every 3.0 mm of the histological block and stained
with standard hematoxylin-eosin. Analysis of histopathology was performed by
an experienced pathologist who was unaware of clinical and laboratory data.
Characterization of intraplaque hemorrhage was adapted from Lusby et al
(26), as previously described. For statistical analysis, acute and recent bleeding
were aggregated and defined as current intraplague hemorrhage. Late or absent
bleeding were also aggregated and defined as old or absent intraplaque

hemorrhage.

6.3.7 Statistical analysis

Continuous variables with normal distribution were expressed as mean *
standard deviation and compared using Student t test or analysis of variance
(ANOVA). Hs-CRP and MMP-1 values underwent logarithmic transformation as
they did not have normal distribution and were also compared using the Student t
test or ANOVA, with post-hoc analysis when appropriate. Square root of MMP-3
concentration was used for statistical analysis, because logarithmic
transformation was not satisfactory to correct to normal distribution. Categorical
variables were expressed as frequencies and percentages. For comparisons

between different groups, the Chi-square test or Fisher’s exact test were used. A
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two-tailed p value lower than 0.05 was considered statistically significant.
Analyses were performed using SAS for Windows statistical package (version

8.0).

6.4 RESULTS

6.4.1 Patients characteristics

The study comprised 82 patients who underwent carotid endarterectomy.
Patients were predominantly male (66%) and hypertensive (89%) and had a mean
age of 67 + 9 years. As expected, several patients also reported a history of
concomitant coronary disease: 17% had symptoms of stable angina and 12% had
sustained a previous myocardial infarction. A history of a cerebral vascular attack
was found in 32% of patients and a transient ischemic attack in 15%. Statins were
used by 72 patients (88%), and 56 (68%) also used the antiplatelet agents aspirin,
ticlopidine, or clopidogrel. Other clinical characteristics and comorbidities are
described in Table 1. According to the independent neurologic evaluation 37
patients (45%) were considered stable, of whom 25 (30%) were asymptomatic,
and 12 (15%) had experienced symptoms of ipsilateral ischemic stroke >90 days

before carotid endarterectomy; whereas 45 (55%) were considered unstable.
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6.4.2 Magnetic resonance findings

MRA with gadolinium identified 19 patients (23%) with stenosis of 50% to
69%, 23 (28%) with 70% to 90% stenosis, and 40 (49%) with > 90% stenosis. In
the asymptomatic patients, 19 (23%) had luminal stenosis > 70%, and only six
(7%) were classified by MRA as having 50% to 59% carotid stenosis. In the TIW
sequence, a hyperintense signal suggesting IPH was identified in 48 patients
(58.5%). Age, gender, traditional cardiovascular risk factors, and history of
previous myocardial infarction or peripheral arterial disease were similar in
patients with or without signs of intraplaque bleeding on MRI (Table 1).
Independent neurological evaluation was highly associated with signs of IPH in the
MRI (p value < 0.0001). A hyperintense signal at MRI identified 91% (41 out of 45)
of patients with recent neurological symptoms, while absence of a hyperintense
signal identified 81% (30 out of 37) of subjects considered to be neurologically

stable (asymptomatic or remotely symptomatic).

6.4.3 Serum levels of matrix metalloproteinases

In the overall population, mean MMP-1 was 3.7 = 2.9 (median of 3.5 and
interquartile range of 3.1 to 3.8 ng/mL), mean MMP-3 was 8.0 + 8.4 (median of 6.2
and interquartile range of 3.2 to 10 ng/mL) and mean MMP-9 was 211 + 155

(median of 160 and interquartile range of 92 to 284 ng/mL). No significant and
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clinically relevant association was observed among hs-CRP and different serum
MMPs levels (all correlation coefficients < 0.25, data not shown), except for a
weak to moderate positive and statistically significant association to MMP-9 (r =
0.34 and p = 0.002). MMPs also did not correlate significantly among themselves.

Figure 1 depicts MMP-1, -3 and -9 levels according to luminal stenosis
strata based on MR angiography findings. We did not observe any significant
differences of these serum markers in relation to different degrees of carotid
atherosclerotic stenosis. However, MMP-1 was marginally augmented in patients
with signs of IPH on high-resolution MRI, while MMP-9 was significantly increased
(p = 0.01) in patients with an hyperintense signal on MRI (Figure 2C).

Table 2 describes levels of potential blood-derived markers of IPH based on
the histological analysis. Total leukocytes, total cholesterol and MMP-3 levels were
not significantly different between patients with acute or recent IPH compared to
patients with remote or none IPH. Hs-CRP and MMP-1 levels were marginally
increased, while MMP-9 was significantly augmented in patients with acute and
recent IPH (p = 0.007). Analysis stratified by neurological symptoms demonstrated
a similar profile, with significant increments in hs-CRP and MMP-9 levels when
comparing patients with and without recent neurological complains (1.4 + 2.6
versus 0.7 = 0.9 mg/dL and 239 + 179 versus 174 + 108 ng/mL, respectively; p <

0.05).
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6.4.4 Predictors of intraplaque hemorrhage

Two multivariate models were created to assess predictors of IPH based on
high-resolution MRI. Firstly (model 1), potential serum predictors of risk were
evaluated, incorporating levels of hs-CRP, MMP-1, MMP-3 and MMP-9. In this
analysis, MMP-9 was the only predictor of IPH (for each increment of 10 ng/mL the
odds ratio was 1.51, 95% confidence interval = 1.06 to 2.2, p value = 0.018; c
statistics = 0.65). In a model adjusted for other clinical variables, history of recent
neurological symptoms was the only variable independently associated to IPH (p <

0.001; c statistics = 0.85).

6.5 DISCUSSION

Atherothrombosis of the carotid bifurcation is responsible for
approximately 30% of cerebral ischemic episodes and the degree of
angiographic stenosis is the major determinant of surgical intervention at the
present time (1-3). Several contemporary studies, however, have demonstrated
that plaque vulnerability instead of luminal stenosis is associated to the risk of
clinical neurological events. In fact, the vulnerable atheroma is not directly
influenced by the obstructive nature of the plaque but is mainly associated with

specific structural, molecular, and biochemical features (7-11,27). In the present
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study, we have demonstrated that serum levels of MMP-9, a critical enzyme that
degrades important components of the extracellular matrix, are elevated in
patients with signs of IPH on high-resolution MRI, subsequently confirmed by
histological analysis, a recognized marker of plaque vulnerability.

IPH is a critical factor in growth and destabilization of atherosclerotic
plaques (28). In a relatively large series of human coronary plagues from sudden
coronary death victim, there was a greater frequency of previous hemorrhages in
coronary atherosclerotic lesions prone to rupture. Importantly, the degree of
reactive glycophorin A staining and the level of iron deposits in the plague
corresponded to the size of the necrotic core, and changes in these variables
paralleled an increase in macrophage density, suggesting that hemorrhage itself
serves as an inflammatory stimulus (11). Animal models of IPH offered additional
evidence that episodic hemorrhages in plaques contribute to free cholesterol
accumulation, macrophage infiltration and the overall dimension of the atheroma.
The contribution of erythrocyte membrane cholesterol to necrotic core volume is
predicted to be substantial because IPH is thought to occur repeatedly over
years. These processes seem to be particularly prevalent in the carotid
vasculature (29). In addition, recent experimental evidence strongly supports the
concept that bleeding inside the plaque is a major autoimmune stimulus that
perpetuates the chronic inflammatory component of the atheroma. IPH, a
common event in advanced lesions, causes the deposition of large amounts of

hemoglobin. The pro-oxidative intraplaque microenvironment may induce
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structural changes in free hemoglobin, increasing T lymphocyte infiltration,
expanding cytokine production and carrying on the inflammatory milieu (12).

The role of MMPs on the events that lead to plague instability has been
extensive explored by several groups of investigators, particularly in experimental
and pathological studies that have demonstrated enhanced expression and
matrix degrading activity of these enzymes surrounding the fibrous cap in
vulnerable regions of human atherosclerotic plaques (14,15,30,31). However,
few studies have evaluated the relationship between MMPs and IPH. Nikkari et al
(31) have demonstrated more than a decade ago that there is a significant
correlation between hemorrhage in the lipid core and positivity for MMP-1
expression by immunohistochemistry in a small study involving 20
endarterectomy specimens. Tziakas et al (32) have partially reproduced such
findings demonstrating increased MMP-9 levels measured in tissue extracts of 7
patients with macroscopic gross evidence of IPH. In this latter study, however,
serum levels of MMP-2, -9 and TIMP-1 were not predictive of IPH or neurological
symptoms. In the present analysis, we could take the advantage of using non-
invasive high resolution imaging techniques to identify in vivo IPH (13,23), prior
to carotid endarterectomy. Our findings indicate that MMPs are not related to the
degree of luminal stenosis in the carotid vasculature, but their serum levels,
particularly levels of MMP-9, are associated to IPH evaluated by T1W carotid
MRI, subsequently confirmed by histological analysis. Furthermore, elevated
serum levels of MMP-9 were also observed in clinically unstable patients, defined

by recent ipsilateral hemispheric neurological symptoms. This finding concurs



48

with data from a recent report from Eldrup et al (17) involving 207 patients with
carotid stenosis that have demonstrated a 2-fold increased risk of ipsilateral
stroke and cardiovascular death in those with elevated levels of MMP-9. Our data
might provide the mechanistic insight why MMP-9 levels were predictive of
neurological prognosis, suggesting that IPH may be related to the risk of future
events. In addition, MMP-9 was the only independent serum predictor of IPH in
our analysis, and lost its predictive value only when neurological symptoms were
included in the multivariate model. These findings indicate that unstable carotid
plaques characterized by IPH are directly related to a history of ischemic
neurologic symptoms (33) and that MMP-9 is intrinsically implicated in the
processes that characterize instability. Finally, a recent experimental study in rats
suggested that MMP-9 promotes atheroma progression and thinning of the
fibrous cap in intermediate atherosclerotic lesions, and is associated to IPH only
in complex and advanced lesions (18), as those evaluated in our study and in the
report from Eldrup et al (17).

Some methodological aspects of our study design deserve consideration.
Our analysis was focused on radiological and histological IPH diagnosis, but we
acknowledge that detailed analysis of the fibrous cap thickness and the collagen
content could potentially add important information regarding the instability of
atherosclerotic lesions. Other MMPs might also be involved in the degradation of
matrix components of the atheroma, although MMP-1, -3 and -9 have been the

ones that depicted the most consistent findings in previous reports. Finally, we
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acknowledge that some of the trends observed in the current analysis might turn
to be statistically significant if our sample size had been greater.

In conclusion, our results demonstrate that the presence of a hyperintense
signal on high-resolution MRI of carotid arteries in patients undergoing carotid
endarterectomy is associated with increased levels of MMP-9. This particular
finding was not related to the degree of angiographic stenosis. These results,
when viewed in light of evidence from other related investigations, are consistent
with the concept that luminal stenosis in extracranial atherosclerotic disease is

not an adequate marker of atheroma vulnerability.
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Table 1. Clinical characteristics according to the presence of hyperintense signal

on MRI
All With Without p value
Hyperintense  Hyperintense
Signal Signal
N=82 N=48 N=34
Age, years 67+9 67 + 10 67+9 0.81
Male gender, n (%) 54 (66) 32 (67) 22 (65) 0.85
Active smoking, n (%) 17 (21) 8 (17) 9 (26) 0.42
Hypertension, n (%) 73 (89) 43 (90) 30 (88) >0.999
Diabetes, n (%) 28 (34) 17 (35) 11 (32) 0.77
Obesity, n (%) 19 (23) 13 (27) 6 (18) 0.31
Previous stable angina, n (%) 14 (17) 8 (17) 6 (18) 0.90
Previous M, n (%) 10 (12) 5 (10) 5 (15) 0.73
Previous CABG, n (%) 13 (16) 9 (19) 4 (12) 0.54
Peripheral artery disease, n (%) 33 (40) 22 (46) 11 (32) 0.22
AF, n (%) 3(4) 3 (6) 0 0.26
SBP, mmHg 133 + 16 134 + 17 132 + 16 0.64
DBP, mmHg 79+ 10 80 + 10 79+ 10 0.66
Total cholesterol, mg/dL 167 + 45 170 + 50 163 + 38 0.51
HDL cholesterol, mg/dL 41 + 13 43 + 16 38+7 0.07
LDL cholesterol, mg/dL 97 + 42 98 + 46 95 + 36 0.81
Triglycerides, mg/dL 174 + 100 178 + 110 168 + 86 0.67
Statin therapy, n (%) 72 (88) 44 (92) 28 (82) 0.30

Antiplatelet agents, n (%) 56 (68) 35 (73) 21 (62) 0.28




MI — myocardial infarction; CABG — coronary artery bypass graft; AF — atrial

fibrilation; SBP — systolic blood pressure; DBP — diastolic blood pressure; LDL —

low-density lipoprotein; HDL — high-density lipoprotein.

Table 2. Serum markers and intraplague hemorrhage by histological analysis

S7

Serum Marker Acute or Recent  Remote or Absent p value
IPH IPH

Leukocytes 7876 £ 2016 7925 + 2481 0.92
Total cholesterol 169 + 50 163 + 37 0.56
(mg/dL)
hs-CRP (mg/dL) 1.4+25 0.6+0.8 0.04
MMP-1 (ng/mL) 41+2.9 34+1.7 0.05
MMP-3 (ng/mL) 9.1+6.2 9.7+55 0.10
MMP-9 (ng/mL) 244 + 173 157 +102 0.007

Data expressed as mean = standard deviation. Statistical analyses were based on log

hs-CRP, log MMP-1, square root of MMP-3 and non-transformed values of MMP-9.

hs-CRP - high-sensitivity C-reactive protein

MMP — matrix metalloproteinase
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FIGURE LEGENDS

Figure 1. Metalloproteinases according to luminal stenosis levels in the carotid

vasculature in patients who underwent carotid endarterectomy.

Figure 2. MMP-1 (A), MMP-3 (B) and MMP-9 (C) levels in patients with or

without the hyperintense signal in high-resolution MRI.
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7 ANEXOS
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7.1 TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

CORRELACAO ENTRE METALOPROTEINASES DE MATRIZ EXTRACELULAR E
HEMORRAGIA INTRAPLACA NA ATEROSCLEROSE CAROTIDEA

1. Justificativa e objetivos da pesquisa:

A circulacdo e o suprimento sanglineo do cérebro se da principalmente pelas
artérias carotidas, que estdo situadas no pescoco. Na doenca obstrutiva de artérias
cardtidas, ocorre a presenca de placas de gordura (ateromas), determinando um
entupimento progressivo da passagem do sangue, e que se nao tratadas podem causar
derrame cerebral. No caso de obstrucdes graves, a melhor opcdo de tratamento para
evitar-se o derrame é a cirurgia, denominada de endarterectomia de carétida, a qual é
atualmente indicada com base exclusivamente no percentual de estreitamento. No
entanto, ha um componente de inflamacgéo que contribui para tornar estas placas instaveis,
isto €, com maior tendéncia a provocar derrame. Essa inflamacéo pode ser medida através
de substancias encontradas no sangue. O objetivo deste trabalho € verificar se a presenca
destas substancias inflamatérias realmente estd associada a instabilidade da placa de

ateroma e risco aumentado de derrame cerebral.

2. Os procedimentos a serem realizados:

Todos os pacientes com obstrucdo das carotidas e indicacdo de endarterectomia
de cardtida serdo submetidos a uma Ressonancia Magnética da regido cervical, mais
especificamente das artérias carétidas, para determinar as caracteristicas da placa de
ateroma. Para verificarmos a presenca de substancias marcadoras de inflamacéo, seréo
coletados 20 mL de sangue de uma veia do braco, no momento da cirurgia, no bloco
cirargico. A placa removida da artéria sera submetida a analise microscépica de suas

caracteristicas.
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3. Os desconfortos ou riscos esperados:

Podera ocorrer desconforto ou fobia (medo) durante a Ressonancia Magnética.
Se isso ocorrer, 0 exame sera interrompido imediatamente.

Ha um risco remoto (menor que 1%) de reacBes alérgicas ao contraste utilizado
no exame.

A coleta de sangue do bragco pode ocasionar dor local, o0 que ndo seria evitado
sem este estudo, pois a puncéo € essencial a anestesia para o procedimento cirargico.

N&o ha aumento no risco de complicacbes pds-operatdrias ou mesmo Obito,

devido ao estudo.

4. Os beneficios que o estudo pode trazer:

A confirmacdo da hipétese da pesquisa contribuird futuramente para a deteccao
e o tratamento precoce dos casos de obstrucdo carotidea com maior risco de derrame

cerebral.

5. Direitos do paciente:

a- Garantia de resposta a qualquer pergunta;
b- Liberdade para abandonar a pesquisa sem prejuizo para si;
c- Disponibilidade de tratamento médico e indenizacdo em caso de danos;

d- Garantia de privacidade.
6. AtribuicBes do pesquisador:
a- Compromisso com informacéo atualizada do estudo;

b- Garantia de que custos adicionais serdo absorvidos pelo orcamento da

pesquisa.
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BU, (nome do paciente ou
responsavel) fui informado dos objetivos da pesquisa acima, de maneira clara e detalhada.
Sei que em qualquer momento poderei solicitar novas informagdes e modificar minha
decisdo se assim eu desejar. A Dra. Luciane Barreneche Narvaes (pesquisadora
responsavel) certificou-me de que todos os dados desta pesquisa referentes ao paciente
serdo confidenciais e terei liberdade de retirar meu consentimento de participacdo na
pesquisa.

Fui informado de que caso existirem danos a minha saude, causados
diretamente pela pesquisa, terei direito a tratamento médico e indenizacdo conforme
estabelece a lei. Também sei que caso existam gastos adicionais, estes serdao absorvidos
pelo orcamento da pesquisa. Caso tiver novas perguntas sobre este estudo, posso chamar
a Dra. Luciane Barreneche Narvaes (pesquisadora responsavel) no telefone (0XX51-
33368190).

Assinatura do paciente Nome do paciente Data

Assinatura da pesquisadora Nome da pesquisadora Data

Este formulario foi lido para ............ceevvviiiiiiiiiiieeeeeeeeeeeeeeee (nome do paciente) em
................................... (data) pela ....ccooovveviiiiiiiiii .. (NOMeE da

pesquisadora), enquanto eu estava presente.

Assinatura da testemunha Nome da testemunha Data



7.2 FICHA DE AVALIACAO CLINICA N°

Nome: Prontuério:

Endereco:

Telefone(s):

Data Internagéo: Data Cirurgia: Data Alta:

Idade: Sexo: (1) Masculino (2) Feminino

Fatores de Risco Cardiovascular:

Tabagismo: (1) Ativo  (2) Passado (3)Nunca fumou
(49) HAS  (5) DM (6)Hxt Familiar Positiva  (7)Obesidade (8)Sedentarismo

Histéria Cardiaca:

(1)Angina estavel (2)IAM previo-Data:
(3)Cateterismo-Data: (4)ACTP-Data:
(5)CRM-Data: (6)FA paroxistica  (7)FA cronica

Histdéria Neuroldgica:
(9)AIT(S) prévio(s)-Data(s):
(10)AVC(s) prévio(s)-Data(s):

Historia Médica Pregressa:

(1)Doenca vascular periférica (5)Doenca hepatica (9)Doenca cerebrovascular (13 ) Deméncia
(2)Doenca do tecido conjuntivo (6)D. hepatica (10)Ulcera gastrica

(3) DM c/ lesdo orgdo alvo (7) D.renal (11) DPOC

(4) Tumor metastatico (8) Neoplasia (12) AIDS

Farmacos na Admissdo (nome, doses mg/dia):

(1) AAS/ Clopidogrel/ Ticlopidina (2) Estatina (3) Beta-bloqueador (4) Nitrato (5) IECA
(6) Diurético (7) Insulina/Hipoglicemiante oral (8) Blog.Canais Célcio (9) Anticoagulante
(10) Digoxina (11) Outros

Exame Fisico:
PA 1= / mmHg PA2= / FC= bpm

Peso= Kg Altura= cm



7.3 FICHA DE AVALIACAO NEUROLOGICA

1. Assintomético

2. Sintomatico Estavel (sem sintomas ha mais de 3 meses)
AVE menor
AIT

3. Sintomatico Instavel (com sintomas ha menos de 3 meses)
AVE menor
AlIT p6s-AVE

AITs recorrentes

69

NO




7.4 FICHA LABORATORIAL

1. Creatinina
2. Hemograma
Hematocrito Leucdcitos

3. Perfil Lipidico

CTotal CLDL CHDL
4. Glicemia Jejum
5. PCRUS

TG

70

NO




7.5 FICHA ANGIOGRAFICA

Grau de estenose:
1. Estenose entre 50 e 69%

2. Estenose entre 70 e 90%
3. Estenose acima de 90%

Sinal hiperintenso:

71

NO




7.6 FICHA HISTOLOGICA

HEMORRAGIA INTRAPLACA:

oW nh e

Aguda
Recente
Antiga

Ausente

72

NO




