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Abreviaturas:

ACTC — angiografia coronariana por tomografia computadorizada
CATE — cinecoronariografia

CPM- cintilografia de perfusdo miocardica

DAC — doenga arterial coronariana

ECC- escore de célcio coronariano

ECAM- eventos cardiovasculares adversos maiores

FFR — reserva de fluxo fracionada

FFR-TC —reserva de fluxo fracionada derivada da tomografia computadorizada
[AM- infarto agudo do miocardio

ICP- interven¢do corondria percutanea

NLR - relagdo neutréfilo-linfécito

PET- Tomografia por Emissao de Positrons

PMTC- Perfusao miocardica por tomografia computadorizada
RMC- Ressonancia Magnética Cardiaca

SCA- sindrome coronariana aguda

TC- tomografia computadorizada

TCC- tomografia computadorizada cardiaca



RESUMO

A utilizacdo de métodos diagndsticos menos invasivos € com 6tima acurécia ¢ de
grande utilidade no manejo da doenga arterial coronariana, especialmente para a avaliagdo
de lesdes coronarias moderadas (estenoses com obstrugdo luminal entre 40-70%). A
reserva de fluxo fracionada (FFR) como estratégia padrao para avaliagdo fisiologica das
estenoses moderadas ¢ um procedimento invasivo e oneroso, enquanto a evolugdo da
tomografia computadorizada (TC) cardiaca permite avaliagdes ndo invasivas, tanto para
diagnoéstico de doenga aterosclerdtica como identificacdo de isquemia coronariana. A
identificacio de individuos com maior vulnerabilidade clinica para eventos
cardiovasculares assim como a associa¢ao entre marcadores de risco inflamatérios e
achados de imagem cardiovascular podem selecionar candidatos a terapéuticas
preventivas mais agressivas.

O objetivo do nosso estudo ¢ avaliar o papel da tomografia computadorizada
cardiaca como alternativa nao invasiva (TC perfusional) ao FFR em pacientes com
estenoses coronarianas moderadas em nosso centro. Adicionalmente, pretendemos
avaliar a associagdo entre dois marcadores conhecidos de aterosclerose: o escore de calcio

coronariano avaliado pela TC e a relagao neutréfilo-linfécito (NLR).

palavras-chave: cardiopatia isquémica; relagao neutrofilo-linfocito; reserva de fluxo
fracionada; escore de célcio coronariano; perfusdo miocardica por tomografia
computadorizada.



ABSTRACT

The use of less invasive diagnostic methods with excellent accuracy represents
great utility in the management of coronary artery disease, especially in the evaluation of
moderate coronary lesions. Fractional flow reserve (FFR) as a standard strategy for
physiological evaluation of moderate stenosis is an invasive and costly procedure, while
the evolution of multi-slice cardiac computed tomography (CT) allows noninvasive
evaluations, both for the diagnosis of atherosclerotic disease and identification of
coronary ischemia. The identification of individuals with greater clinical vulnerability to
cardiovascular events as well as the association between inflammatory risk markers and
cardiovascular imaging findings may select candidates for more aggressive preventive
therapies.

The aim of our study is to evaluate the role of cardiac computed tomography as a
noninvasive alternative (perfusion CT) to FFR in patients with moderate coronary
stenosis in our center. Additionally, we intend to associate two known markers of
atherosclerosis: the coronary calcium score evaluated by CT and the neutrophil-

lymphocyte ratio (NLR).

Keywords: coronary artery disease; neutrophil-lymphocyte ratio; fractional flow reserve;
coronary calcium score; perfusional computed tomography



1. INTRODUCAO

Tomografia computadorizada cardiaca (TCC) se consolidou nos Ultimos anos
como uma importante ferramenta para avaliacdo de pacientes com suspeita de doenga
arterial coronariana (DAC). A TCC pode fornecer informagdes sobre anatomia e perfusio
coronariana em um mesmo exame, o que potencialmente proporciona tanto decisao sobre
estratégia terapéutica quanto informacao prognostica sobre o paciente.

Angiografia coronariana por tomografia computadorizada (ACTC) exclui de
forma significativa a presenca de estenoses coronarianas, com uma alta sensibilidade e
alto valor preditivo negativo!2. Por outro lado, a especificidade e valor preditivo positivo
deste exame sdo menores, particularmente ao se avaliar graus moderados de estenose
luminal®. Além disso, artefatos de movimento e calcificagdo coronariana significativa
prejudicam a acuracia diagndstica do exame?. Nos ultimos anos, demonstrou-se que a
TCC também pode avaliar a perfusdo coronariana sob estresse (perfusdo miocardica por
TC ou PMTC) e detectar defeitos perfusionais relacionados a doenga coronariana
aterosclerdtica®. Devido ao fato de haver uma rela¢do conhecida entre estenose luminal e
isquemia, a detec¢do de um defeito de perfusdo miocardica (informagdo funcional) em
um territoério suprido por uma artéria coronariana estenética (informagdo anatomica)
poderia aumentar a acurdcia diagnostica da TCC. De um ponto de vista clinico, ¢
indispensavel identificar estenoses hemodinamicamente significativas, pois seu
tratamento reduz desfechos®’.

Tradicionalmente, informag¢des morfologicas e funcionais coronarianas podiam
ser obtidas no mesmo exame somente de forma invasiva, através de angiografia
coronariana ¢ “Fractional Flow Reserve” ou Reserva de Fluxo Fracionada (FFR), este

ultimo considerado o padrdo ouro na pratica para avaliagdo da repercussdo funcional de
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uma estenose coronariana. Aproximadamente um terco das lesdes angiograficamente
significativas tém um FFR de 0,80 ou mais, o que ndo indica isquemia. Por outro lado,
em individuos com lesdes angiograficamente moderadas (estenose de 40 a 70%),
aproximadamente um tergo tém lesdes funcionalmente significativas®?.

Virios estudos compararam PMTC com angiografia coronariana e mostraram
resultados promissores do método, mas eles apresentavam metodologias diferentes, além
de nio utilizar para comparagdo o padrdo ouro (FFR)!*"12. Apenas recentemente alguns
estudos compararam PMTC com FFR, demonstrando boa a moderada acuracia
diagnostical3 1>,

O escore de calcio coronariano (ECC), exame também realizado através de um
tomografo, j4 mostrou ter boa correlagdio com DAC!®7. O ECC é mais comumente
calculado usando o escore de Agatston e ¢ utilizado para melhor predizer a presenga de
doenca arterial coronariana obstrutiva independente dos tradicionais marcadores
clinicos'®. Investigagdes atuais mostraram que a calcificagdo da placa tem um curso
dindmico que esta intimamente relacionado com a magnitude da inflamagao vascular. Ha
uma extensa literatura sobre marcadores inflamatorios em DAC. Alguns deles apresentam
boa correlagdo com a presenca e gravidade da DAC, bem como o grau de instabilidade
da placa, predispondo o paciente a eventos isquémicos agudos. Mieloperoxidase
(MPO)"2! Endotelina??, CD40L?***, Interleucina-6>>-°, proteina C-reativa®®?’ ¢ NLR

28,29

(relag@o neutrdfilo-linfécito) sdo alguns desses marcadores=®~". O NLR tem a vantagem

de ser simples, de baixo custo e facilmente disponivel.
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2. BASE TEORICA — REVISAO DA LITERATURA

2.1 DOENCA ARTERIAL CORONARIANA/ISQUEMIA e ANATOMIA
CORONARIANAS

As doengas cardiovasculares sdo a principal causa de morte no Brasil e
responsaveis por 30% das mortes no mundo a cada ano, gerando importante impacto
social e econdmico. Em nosso pais, correspondem a aproximadamente 8% do custo total
da satde, valor que vem aumentando ano a ano em paralelo com o envelhecimento da
populagido’®.

As medidas de prevencdo representam papel fundamental na reducdo da
morbidade e mortalidade cardiovascular e devem ser o foco principal das politicas de
satde publica. O objetivo terapéutico na doenga arterial coronariana ¢ a reducao da taxa
de eventos isquémicos, como infarto agudo do miocardio, redu¢do de mortalidade além
de melhora da capacidade funcional e qualidade de vida. Avaliagdo de isquemia
miocardica ¢ de extrema importancia na doenga arterial coronariana (DAC) estavel, uma
vez que sua presenga esta associada a piores desfechos cardiovasculares?!.

A realizagdo de testes de estresse representa a abordagem mais utilizada
atualmente no cendrio de doenca arterial coronariana e as diretrizes recomendam sua
utilizagdo seja para estratificacdo de risco ou identificagdo de individuos com maior
probabilidade de DAC antes da avaliagdo coronariana invasiva®’. Estes exames
funcionais demonstram evidéncias fisiologicas de estenoses coronarianas significativas
através da redugdo do fluxo de reserva coronariano demonstrada por defeitos de perfusao
miocardica. Atualmente, a avaliagdo de isquemia miocardica ¢ factivel por meio de
estudos de FFR (reserva de fluxo coronariano pelo cateterismo) ou por métodos ndo
invasivos, como a perfusdo miocardica pela ressonancia magnética cardiaca,

ecocardiograma com estresse, cintilografia de perfusdo miocardica com estresse (CPM),
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Tomografia por Emissdo de Positrons (PET) e, mais recentemente o FFR-CT que ¢ a

avaliacdo da reserva de fluxo coronariano através da tomografia computadorizada.
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The contribution of cardiovascular diseases to the global burden of death in 2016. Data from the
Global Burden of Disease.

Embora o grau de estenose de determinado vaso coronariano possa predizer
parcialmente a presenca ou auséncia de isquemia em um dado territorio, a associacdo
entre anatomia coronariana e isquemia é pobre*-*, Como exemplo, hd mais de uma
década, Meijboom et al. avaliaram 89 estenoses e demonstraram fraca correlacdo entre
medidas anatdmicas como angiografia coronariana quantitativa (QCA) ou angiografia
coronariana por tomografia computadorizada (ACTC) e avaliacdo funcional através de

FFR (método padrdo para comparagdo)**.

13



¢ 1.0 oi ® 1.0 . @
Q. e o 2008 Ry ! o
o 8.5 ® ® 5 oggg oo
O%x?o =i o 000U A S
6° o~ eaxf b %o  %peof
2.9 & 0° 0.8 00
L 080T d;)'b‘o;oé """""""" 0.80 "% e e g T
w075 “00%32- A 0.75 === (T o P
%00 | © +¥ o
o CH
) oo !
! - °
05 B T i T OI 05 B T i Io 1
10 30 50 70 90 10 30 50 70 90
Diameter Stenosis by QCA, % Diameter Stenosis by QCT, %
1.07 $ 1.0 8 00
o o
og o 008J (8000 ﬁo
) Q3 fox ogaf
o Svg % o @ P, Oge 3
Lot Bl | A o SN i— e
o 0.80 o ® (3 0.80 % ®
w o o e o o
W 075 QP - oneneen 8 e s 0.75 r=meresteasnsnnnanneney g s en
@ H ° %o
@ o fe
] [
° ° @®
o °
057 . 2 05 . Q
<50% >50% <50% >50%
Diameter Stenosis by CCA, % Diameter Stenosis by CTCA, %
Figure 3. Coronary Function Versus Stenosis Anatomy
Fractional flow reserve (FFR) by pressure wire versus percent diameter stenosis by quantitative coronary arteriogram (QCA), by quantita-
tive coronary computed tomography (QCT) angiogram, by visually estimated coronary arteriogram (CCA), and by visually estimated coro-
nary CT angiography (CTCA) for 50% diameter stenosis threshold. Reproduced, with permission, from Meijboom et al. (13).

Uma vez que cerca de 40% dos pacientes sem DAC conhecida encaminhados para
cinecoronariografia (CATE) apresentam doenga nao obstrutiva, a busca por técnicas com
melhor acuricia para avaliagdo coronariana ndo invasiva ¢ justificada®>3¢ Observa-se no
registro americano NCDR que apenas 44% dos pacientes encaminhados para CATE apos
isquemia miocardica documentada em exame de imagem com estresse (CPM)
apresentavam DAC obstrutiva. Em comparagao, 70% dos individuos encaminhados apds
angiografia por TC alterada apresentavam obstrugdo coronariana®’. Desse modo, o
método diagnostico coronariano ideal deve permitir a avaliacdo da carga aterosclerdtica
e do grau de obstru¢do luminal assim como determinar a repercussdo fisiologica de
determinada estenose, através da aferi¢ao da presenca e extensao de isquemia.

Ha anos discute-se, e provavelmente este debate seguird ainda por longo tempo,
qual seria a melhor abordagem inicial no paciente em investigacdo de doenca arterial

coronariana: avaliacdo anatdmica ndo invasiva ou avaliagdo funcional? Nesse sentido,

14



além de considerar as caracteristicas especificas de cada paciente, como a probabilidade
clinica de DAC, a interpretabilidade do eletrocardiograma (ECG) e a capacidade de
exercicio, alguma questdes relacionadas ao objetivo do teste inicial devem ser
esclarecidas, como: o objetivo do teste ¢ descartar DAC obstrutiva, predizer o
prognoéstico e / ou buscar uma ferramenta que ofereca uma avaliacdo mais racional dos
beneficios e riscos potenciais da revasculariza¢do (tomada de decisdo).

Em relagdo aos custos, de acordo com dados PROMISE (centros dos EUA) a
ACTC e os testes funcionais tém custos semelhantes aos 3 anos de acompanhamento. Por
outro lado, estudos europeus sugerem que a ACTC pode ser uma estratégia mais
econdmica’®¥.

Mas qual a importincia da investigacdo e identificagdo de isquemia miocardica?

A isquemia miocardica ocorre quando o suprimento de oxigénio miocardico no
nivel celular ou tecidual ¢ insuficiente para manter as demandas metabolicas do
miocardio. Idealmente, um teste diagndstico “padrdo ouro” que pudesse quantificar e
medir com seguranca a oxigenacao, ou a falta dela, por massa de miocéardio em repouso
e / ou condigdes hiperémicas padronizaria a definicdo de isquemia. Até recentemente, a
relevancia clinica da isquemia miocéardica ndo era contestada, e a maioria das decisdes
clinicas estava intimamente relacionada a presenca, extensao e distribuicdo de isquemia
induzivel. De fato, a isquemia induzida pelo estresse ¢ amplamente utilizada como
substituta do risco de eventos cardiovasculares adversos maiores (ECAM) em pacientes
com DAC estavel suspeita e estabelecida e geralmente justifica o uso de revascularizagdo

do miocardio, mesmo em pacientes assintomaticos**#!

. No entanto, a associagdo entre
isquemia miocardica e eventos cardiovasculares ndo implica causa-efeito: quase 70% dos

eventos tromboticos agudos surgem de lesdes angiograficamente leves (ndo provocam

isquemia miocardica em testes funcionais) e aproximadamente metade dos infartos
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agudos do miocardio (IAM) ocorre em pacientes sem historico de sintomas anteriores**-
45

Embora a estratégia de revascularizag¢@o coronariana guiada por isquemia melhore
sintomas anginosos e qualidade de vida assim como reduz a taxa de IAM espontaneo (ndo
relacionados ao procedimento), ela tem falhado na redugdo da mortalidade, conforme
recentemente demonstrado no estudo ISCHEMIA*. Algumas consideragdes sobre o
ISCHEMIA, como redu¢do em 35% da amostra inicialmente calculada, taxa de eventos
menor que esperada e seguimento médio relativamente curto (3,2 anos), recomendam
cautela na interpretagdo dos resultados principais.

De qualquer forma, angiografia invasiva e revascularizagdo coronariana
apresentam maior probabilidade de serem adequadamente realizados em pacientes que
recebem um diagndstico correto de doenga coronariana; estes, por sua vez, t€ém maior
probabilidade de receber medidas preventivas e podem ter maior motivagdo para
implementar modificagdes no estilo de vida saudéavel. Portanto, a racionalizagdo dos
métodos diagnosticos para deteccdo precoce da doenca e o planejamento terapéutico

direcionado para cada paciente segue sendo de extremo valor.

2.2 RESERVA DE FLUXO FRACIONADA (FFR)

Desde a sua criag@o, no final dos anos 50, a angiografia coronariana invasiva tem
sido o padrdo-ouro para definir a anatomia coronariana e serviu como marcador da
presenga de isquemia®’. Tradicionalmente, uma estenose coronaria > 70% ¢é considerada
significativa e capaz de provocar isquemia. Esse valor de 70% foi derivado de estudos
com animais realizados na década de 1970 por Gould et al. quando a reserva de fluxo
coronariano (CFR), uma medida do aumento do fluxo sanguineo em resposta as

necessidades metabolicas, foi definida inicialmente®3.
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Existem inimeras limitagdes com o uso de angiografia e estenose anatomica (em
percentual, como usualmente realizado) como substituto da isquemia. A primeira reside
no fato de que a angiografia ¢ uma representacdo bidimensional de uma estrutura
tridimensional. Portanto, para melhor avaliagdo de determinada lesdo, devem ser obtidas
pelo menos 2 proje¢des ortogonais. Mesmo nas melhores circunstincias, existem
inimeras variaveis, como comprimento da lesdo, excentricidade das lesdes ou vasos que
encurtam e/ou se sobrepdem, o que pode levar a uma avaliacdo inadequada da estrutura
anatdmica?’. Outra limitagdo da angiografia (em comparagdo com o ultrassom
intracoronario por exemplo) ¢ que a angiografia faz apenas uma avaliagdo do limen
arterial sem considerar o grau de placa e o remodelamento positivo que a estenose induz.
A limitacdo, portanto, ndo ¢ necessariamente da anatomia como desfecho emprestado de
ECAM e sim do método utilizado para avaliar a anatomia (angiografia)®.

Vale ressaltar que a avaliacdo da percentagem de estenose requer o uso de um
segmento de referéncia "normal", e este muitas vezes ¢ de dificil defini¢do, pois o vaso
pode estar difusamente doente, levando a uma subestimagdo da doenga*®°%3! Diversos
estudos demonstram claramente que o percentual de estenose tem apenas impacto
modesto no fluxo sanguineo miocardio € na presenga de isquemia®®>2->3,

Nos ultimos 25 anos, medidas fisiologicas obtidas durante procedimentos
invasivos tém sido propostas para orientar a revascularizagdo coronariana®*>°, Os
trabalhos iniciais utilizaram diferentes métodos para obtencdo da pressdo e fluxo
coronariano para determinagdo da repercussdo funcional de uma estenose, porém a
reserva de fluxo fracionado (FFR) se tornou amplamente utilizada em grande parte devido
a sua simplicidade técnica e justificada apos a publicagdo de grandes ensaios clinicos®”.
FFR ¢ definido como o fluxo sanguineo méximo para o miocardio alcangado na presenca

de uma estenose em comparagdo com o fluxo sanguineo maximo tedrico possivel na
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auséncia da estenose. Pode ser facilmente medido durante a angiografia corondria,
calculando a razdo de pressdo corondria distal medida com um fio-guia de pressao
corondria a pressdo aortica medida simultaneamente com o cateter guia. A FFR em uma
artéria coronaria normal ¢ igual a 1,0. Um valor de FFR igual ou inferior a 0,80 identifica
estenoses corondrias causadoras de isquemia com uma precisdo de mais de 90%°°. As
informagdes fornecidas pela FFR sdo semelhantes as obtidas com os estudos de perfusao
do miocardio, mas sd3o mais especificas e tém melhor resolucdo espacial, porque cada
artéria ou segmento ¢ analisado separadamente, € 0 mascaramento de uma area isquémica
por outra zona, mais severamente isquémica, ¢ evitado®’.

Os estudos iniciais utilizando FFR avaliaram a seguranca do adiamento da
intervengdo coronaria percutanea (ICP). O estudo DEFER demonstrou que a ICP pode
ser deferida com seguranca com base em uma FFR ndo significativa. Ap6s 15 anos de
seguimento, a taxa de infarto do miocardio foi significativamente menor no grupo
submetido a estratégia conservadora (2,2%) comparados aos pacientes submetidos a
revascularizagio (10%)®. Somente a partir de 2009 o FFR tornou-se amplamente
difundido ap6s a publicagdo dos estudos FAME 1 e 2, com grande impacto clinico. No
estudo FAMES, os autores demonstraram que ICP guiada por FFR foi associada a redugdo
de eventos adversos em 1 ano e custos reduzidos quando comparado a ICP ndo guiada
por FFR. J& no estudo FAME 2, os pesquisadores demonstraram que a ICP guiada por
FFR mais terapia medicamentosa, comparada a terapia medicamentosa isolada, reduziu
desfechos principalmente as custas de redugdo da revascularizagdo urgente. Ressalta-se
que pacientes sem evidéncia de isquemia tiveram resultados favoraveis sem ICP>°,

Apesar das evidéncias e orientacdes claras de diretrizes acerca do uso do FFR em
determinadas situagdes, muitos cardiologistas intervencionistas mantem sua pratica de

definir conduta baseada apenas na avaliagdo visual da gravidade da estenose.
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Provavelmente, varios fatores influenciam os padrdes de decisdo, incluindo diferencas na
disponibilidade de equipamentos, politicas de reembolso e outras consideragdes
financeiras. Além disso, preocupagdes com possiveis complicagdes e incerteza sobre o
desempenho ideal e a interpretacdo das medidas do FFR, particularmente em situacgdes
complexas, como doenca multiarterial, estenoses de tronco de coronaria esquerda,
estenoses sequenciais ou em pacientes com enxertos aorto-coronarianos. Em locais em
que ha falta de recursos (especialmente em paises subdesenvolvidos), a realizacdo do FFR
também ¢ infrequente, apesar de haver evidéncia de que a realizagdo do método ¢ custo-
efetiva®®. O uso do FFR demonstrou reduzir a quantidade de stents implantados ao
selecionar, dentre as lesdes angiograficamente significativas, somente aquelas com
repercussdo fisioldégica. Ao diminuir o numero de lesdes abordadas, stents e a
necessidade de revascularizagdo da lesdo-alvo, os pacientes sdo submetidos a um
tratamento de primeira linha sem elevar os custos relacionados ao procedimento.
Instantaneous wave-free ratio (iFR) consiste em nova abordagem para avaliag¢do
funcional de determinada estenose coronariana, porém realizada em repouso, ou seja, sem
necessidade de vasodilatador pra indu¢do de hiperemia maxima. No caso do FFR, o
estabelecimento da hiperemia mediada por adenosina ¢ demorada, apresenta custos
adicionais, altera a hemodindmica sistémica e causa efeitos colaterais desagradaveis,
como distarbios de conduc¢ao do néd atrioventricular, desconforto toracico, nausea,
dispneia, tontura, rubor e cefaleia. iFR ¢ definida como relagcdo entre pressdo distal e
proximal coronariana durante periodo da diastole chamado “wave-free period”, quando a
resisténcia microvascular ¢ minima e estavel e existe uma relacdo linear entre a pressao
distal e a velocidade do fluxo®!. Dois estudos randomizados de ndo inferioridade em
pacientes de baixo risco avaliaram desfechos clinicos em pacientes com DAC estavel ou

instdvel e com uma ou mais lesdes com indica¢do de avalia¢do funcional®>%. Em ambos
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os estudos, os pontos de corte para iFR e FFR foram de 0,89 e 0,80, respectivamente. No
estudo iFR SWEDEHEART®2, 2037 pacientes foram randomizados para FFR ou iFR. O
desfecho primdario, composto de morte por qualquer causa, IAM ndo fatal ou
revascularizagdo ndo planejada em 12 meses ocorreu em igual frequéncia. De forma
similar, o estudo DEFINE-FLAIR®, que incluiu 2492 pacientes, avaliou desfechos

semelhantes em 1 ano e também ndo demonstrou diferenca.

2.3 TOMOGRAFIA COMPUTADORIZADA CARDIACA (TCC)

Com a evolucdo da Tomografia Computadorizada (TC) nos tltimos 20 anos,
passou a ser possivel sua utilizacdo na avaliagdo da anatomia coronariana assim como na
funcao e estrutura cardiaca.

Embora a cinecoronariografia continue sendo o padrdo-ouro no diagnostico de
doenga arterial coronariana, ¢ um método invasivo e apresenta os riscos inerentes ao
procedimento. A Angiografia Coronariana por Tomografia Computadorizada (ACTC)
tornou-se uma alternativa ndo invasiva viavel, além de fornecer um meio mais rapido e
possivelmente mais econdmico de avaliar pacientes com suspeita baixa a intermediaria
de DAC. As artérias corondrias epicardicas sdo estruturas méoveis que normalmente tém
milimetros de didmetro. Por esse motivo, a ACTC requer uma boa resolucdo espacial e
temporal para obtencdo de exame adequado. A resolugdo espacial refere-se a menor
distancia através da qual dois pontos podem ser diferenciados, enquanto a resolugdo
temporal refere-se a rapidez com que as imagens de uma estrutura movel podem ser
adquiridas. Comecando com a disponibilidade de sistemas de TC com multiplos
detectores de 64 canais (64-TCMD), e agora com tecnologias ainda mais modernas, a
ACTC alcangou a resolucao temporal e espacial para poder definir o limen de segmentos

mesmo distais da arvore coronariana.
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Os ensaios PROMISE e SCOT-HEART compararam os resultados clinicos do
manejo de pacientes sintomaticos estaveis com ACTC (anatomia) versus avaliagdo
padrdo (funcional). O estudo PROMISE randomizou cerca de 10 mil pacientes
sintomaticos e comparou estratégia de avaliagdo anatomico inicial com ACTC versus
teste funcional. Neste estudo publicado em 2015, com seguimento médio inferior a 2
anos, embora os desfechos clinicos tenham sido semelhantes, a ACTC permitiu um
rendimento diagnoéstico significativamente melhor, levando a mais CATE, mas com taxas
significativamente mais baixas de encontrar lesdes ndo significativas®.

Recentemente foi publicado o seguimento de 5 anos do estudo SCOT-HEART.
Este importante ensaio clinico randomizou 4146 pacientes com dor toracica estavel para
avalia¢do anatomica com ACTC mais terapia padrao versus terapia padrio isolada.

Observou-se, apds acompanhamento médio de 4,8 anos, reducdo significativa da
taxa de eventos duros (morte por doenga coronariana ou infarto do miocéardio nao fatal)
no grupo ACTC em comparag@o ao grupo terapia padrdo isolada. Apesar das taxas de
angiografia corondria invasiva e revascularizacdo coronariana maiores no grupo ACTC
do que no grupo padrdo nos primeiros meses de acompanhamento, apds 5 anos de
seguimento ambos os procedimentos ndo apresentaram diferenca significativa. E
importante notar que uso da ACTC resultou em diagnosticos mais corretos de doenca
cardiaca corondria do que o grupo padrdo, e isso, por sua vez, levou ao melhor
direcionamento de terapias (estatina e antiagregantes plaquetarios), resultando em menos
eventos clinicos no grupo ACTC-6,

Diversos estudos tém demonstrado que a ACTC ¢ importante ferramenta na
avalia¢do da dor tordcica aguda, especialmente nos pacientes de baixo a intermediério
risco’” 7%, E procedimento seguro para o diagndstico de sindrome coronariana aguda,

podendo reduzir o tempo de seguimento intra-hospitalar e contribuir para a redu¢do dos

21



custos. No Estudo ROMICAT II (Rule Out Myocardial Infarction by Cardiac Computed
Tomography II) a duracdo da permanéncia hospitalar foi significativamente menor nos
pacientes estratificados pela ACTC quando comparado ao grupo submetido a avaliagdo
convencional (23,2 = 37 horas vs. 30,8 + 28 horas). Houve também aumento significativo
do percentual dos que receberam alta diretamente da unidade de emergéncia, no grupo
estratificado pelo método (46,7% vs. 12,4% p <0,001), a despeito do custo mais elevado
associado a realizacdo da ACTC e de maior tendéncia ao encaminhamento para
cateterismo e revascularizagdes’!.

Angiografia coronariana por TC tem demonstrado alta sensibilidade e valor
preditivo negativo para excluir DAC significativa e apresenta maior utilidade em

situacdes com baixa probabilidade pré-teste. (figura abaixo)

Angiografia coronariana por tomografia computadorizada (ACTC) realizada em paciente feminina de
60 anos que apresentou taquicardia ventricular e dispnéia em teste de estresse. ACTC dentro da
normalidade, excluindo doenga coronariana obstrutiva.

revascularizagdo®*’>73, A avaliagdo anatdmica por ACTC determina grau de obstrugdo
intraluminal ap6s inje¢do de contraste endovenoso, e demonstra 6tima acuracia quando
comparada a angiografia coronariana (CAT)’*, pois ambos métodos avaliam a anatomia.
No entanto, sua especificidade para detecgdo de alteragdes hemodinamicamente
significativas ainda ¢ moderada na melhor das hipoteses, especialmente em casos de
estenose coronaria intermediaria (redugdo de 40% a 70% no diametro luminal

coronariano). Rossi et al. avaliaram 99 pacientes (144 lesdes) e demonstraram que em
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lesdes com estenose entre 50-70%, 54% ndo eram funcionalmente significativas,
definidas por FFR < 0,807°. Portanto, nas lesdes intermediarias, a ACTC tem um baixo
valor preditivo na demonstragdo da importancia fisiolégica da estenose coronariana
quando comparadas a perfusio do miocardio’®. Além desta limitagdo em lesdes
moderadas a ACTC apresenta limitado valor preditivo positivo frente a algumas
condi¢des, como calcificagdo coronariana’’, e muitas vezes ha necessidade de exames
adicionais para elucidacdo diagnostica definitiva, acarretando nova exposicdo a radiagao

e incremento de custos.

2.4 ESCORE DE CALCIO CORONARIANO (ECC)

Outra utilidade da tomografia computadorizada cardiaca ¢ a sua capacidade de
calcular o escore de calcio na artéria coronaria (ECC), mesmo sem uso de contraste.
Também conhecido como escore de Agatston, ¢ capaz de estratificar os pacientes em
grupos de baixo, intermediario e alto risco para desenvolvimento futuro de DAC.
Acredita-se que a identificacdo da carga de célcio nas artérias coronarias ¢ util na
identificacdo de pacientes assintomaticos, onde esquemas de tratamento preventivo mais
intensivos seriam apropriados. Pelas diretrizes, a ACTC pode ser a ferramenta de
diagnostico mais apropriada para pacientes sintomaticos com uma probabilidade
intermediaria pré-teste de doenga coronariana. O ECC ¢ geralmente tabulado durante a
fase inicial sem contraste da ACTC, atribuindo um escore de densidade ponderada ao
local do célcio com a atenuagdo mais alta (medida em unidades de Hounsfield) e depois
multiplicando pela area de calcificagdo. Escores de célcio de 0, 1 a 10, 11 a 100, 101 a
400, maiores que 400 representam auséncia, DAC leve, moderada e grave,
respectivamente. Pacientes com escores de calcio de 0 ou 1 a 10 tém um risco muito baixo

ao longo dos anos de apresentar um evento cardiovascular adverso. No entanto, estudos
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demonstraram que pacientes com ECC leves de 1 a 10 tém risco trés vezes maior de
desenvolver DAC em comparagdo com pacientes com escore zero’®,

O papel do escore de célcio na artéria coronaria (ECC) entre pacientes
sintomdticos com suspeita de DAC também merece consideragdo, pois pode
potencialmente atuar como filtro de testes funcionais ou refinar a estratifica¢do de risco,
particularmente entre pacientes com testes funcionais levemente anormais ou equivocos.
Nesse sentido, varios estudos mostraram que a auséncia de calcificagdes (ECC 0) em
pacientes sintomaticos com probabilidade de DAC baixa a intermedidria no pré-teste,
encontrada em aproximadamente metade desses pacientes, esta relacionada a taxas muito
baixas de DAC obstrutiva (<4%) ¢ de ECAM (taxa anual ~ <0,5%)"0-%2,

Devido a sua simplicidade e robustez dos dados clinicos, o escore de Agatston
continua sendo o modelo mais utilizado para medir o escore de calcio. No entanto, esse
escore apresenta algumas limitagdes, como o fato de que a densidade da placa de calcio
arterial aumenta o valor da pontuagdo contribuindo para uma maior predi¢ao de eventos
cardiovasculares, o que pode ocorrer, simplesmente, pela associacdo entre carga total de
calcio e DAC3-35, Por outro lado, alguns estudos tém demonstrado que maior densidade
de célcio para o mesmo volume de placa esta associada a estabilidade da placa e menor
risco cardiovascular®®®’, Acredita-se que placas com alta densidade de calcio estdo livres
de ntcleo lipidico instavel e, portanto, mais resistentes a ruptura em comparagdo com
placas com menor densidade ou calcificagdo irregular. Da mesma forma, o tratamento
com estatinas tem demonstrado reduzir o nucleo necroético e o volume da placa, o que
pode levar ao aumento da densidade de célcio e maior estabilidade da placa® .

A presenga de calcio na circulagdo coronariana melhora a capacidade de detectar

doenga arterial coronariana obstrutiva independente dos preditores clinicos!8. Foi

documentada uma correlagdo positiva entre o escore de céalcio corondrio € os eventos
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clinicos subsequentes em pacientes com doenca arterial coronariana conhecida. Por outro
lado, um escore de célcio de zero tem um valor preditivo negativo de cerca de 95% para
estenose significativa de artéria coronariana epicardica’!. A relevancia da calcificagdo da
placa (também chamada de "esqueletizagdo" das artérias corondrias) tem sido
reconhecida hd muito tempo e sua evolugdo apresenta um curso dindmico que esta
intimamente relacionado com a magnitude da inflamagdo vascular®®®. Existem muitos
fatores inflamatdrios sintetizados durante os estagios iniciais da aterosclerose que
provocam a expressdo e ativagcdo de células semelhantes a osteoblastos localizadas na
parede arterial e que produzem calcio®*®. D. Raaz-Schrauder et al.. demonstraram em
455 individuos uma associagdo entre marcadores inflamatorios e a quantidade de célcio

coronariano®.

2.5 O PAPEL DA INFLAMACAO NA ATEROSCLEROSE E A
RELACAO NEUTROFILO-LINFOCITO (NLR)

Diversos estudos demonstraram que um fluxo ndo laminar promove mudangas na
expressdo do gene endotelial, adesdo de leucocitos, aumento do estresse oxidativo e
estado inflamatério da parede arterial que, juntos, favorecem a ruptura da placa’’. O
processo inflamatério envolvido na doenga arterial aterosclerotica pode levar ao aumento
dos niveis sanguineos de citocinas inflamatorias e outros reagentes de fase aguda. Os
niveis de proteina C-reativa e interleucina-6 sdo elevados em pacientes com angina
instavel e infarto do miocardio, com altos niveis predizendo pior prognostico’® 1%, Os
niveis de outros marcadores inflamatdérios também sdo elevados nesses pacientes,

incluindo fibrinogénio, interleucina-7, interleucina-8 e ligante CD40 solavel'01-104,
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Relagdo entre fatores de risco tradicionais para aterosclerose e inflamago. O conceito de inflamagdo na
aterosclerose ndo reduz a importancia dos fatores de risco tradicionais, incluindo lipoproteina de baixa
densidade (LDL) e angiotensina II. Na verdade, o conceito de inflamagao e participacao de citocinas pro-
inflamatorias demonstra uma ligagdo mecanistica entre fatores de risco tradicionais e resposta biologica
alterada na parede arterial. Arterioscler Thromb Vasc Biol. 2012;32:2045-2051

Recentemente, houve aumento do interesse em alguns indices hematoldgicos como
marcadores de inflamag¢do envolvidos na aterosclerose, como a razdo neutréfilo-linfécito
(NLR). O NLR, que ¢ calculado a partir da contagem sanguinea completa com
diferencial, ¢ um marcador de inflamacao barato, facil de obter, amplamente disponivel
e que pode auxiliar na estratificacdo de risco de pacientes com diversas doengas
cardiovasculares.

Um dos primeiros estudos que demonstrou o valor da NLR na doenca arterial
coronariana foi realizado hé cerca de 15 anos por Horne et al.. Em seu estudo prospectivo
observacional, mais de 3.000 pacientes sem infarto agudo do miocardio (IAM) e com
DAC avaliada angiograficamente foram acompanhados por mais de 6 anos. A capacidade
preditiva para morte/IAM da contagem total de globulos brancos, linfocitos e monocitos,
bem como NLR foi comparada, e o NLR demonstrou a maior capacidade preditora de

risco!0?

. Uma das razdes pelas quais o NLR parece ser um melhor preditor de doengas
ateroscleroticas quando comparado com a contagem total de leucécitos ¢ que o NLR

representa duas vias imunes distintas, mas complementares. Ou seja, neutrofilos
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representando um processo inflamatorio inespecifico e linfopenia, um marcador
conhecido de estresse fisiologico. O NLR elevado estd associado a rigidez arterial, aos
elevados escores de célcio corondrio € a progressdo da aterosclerose!®. NLR pré-
operatorio elevado tem sido associado com pior resultado apds cirurgia de
revascularizacdo do miocardio (CRM). Durante o seguimento de 3,6 anos em pacientes
submetidos a CRM, a mortalidade foi significativamente maior no grupo que teve NLR
> 3.36 pré-operatorio (p < 0,001)1%7,

Outro cenario importante em que a dosagem de NLR demonstrou valor esta nas
sindromes coronarias agudas (SCA). NLR elevado tem sido associado a desfechos
desfavoraveis em pacientes com SCA!%. Mortalidade hospitalar (8,5 vs 1,8%; p = 0,013)
e mortalidade em 6 meses (11,5 vs 2,5%; p < 0,001) foram significativamente maiores
em pacientes com SCA com NLR alto em comparagdo com aqueles com baixo NLR?8,
Independente do escore de GRACE, o NLR associou-se a desfechos adversos intra-
hospitalares entre uma coorte de pacientes com infarto do miocardio com
supradesnivelamento do segmento ST (IAMCST)!?. Além disso, NLR tem sido
associado a piores desfechos em 34.000 pacientes com sindrome coronariana aguda que
foram submetidos & revascularizagdo coronariana''’. O escore SYNTAX, que quantifica
a complexidade das lesdes coronarias com base na localizagao e morfologia, ¢ um preditor
conhecido de desfechos de curto e longo prazo em pacientes com DAC submetidos a
intervengdo. Utilizando-se um modelo de regressdo linear, verificou-se que o escore de
SINTAX se correlacionava (coeficiente § = 0,380, 95% CI 1.165-1.917, p < 0,001) com
NLR em uma coorte de pacientes com infarto do miocardio sem elevag¢dao do segmento
QT

Quando trata-se de doenga coronariana estavel, mais especificamente progressao

angiografica da aterosclerose, Kalay et al. relataram que, entre os pacientes com DAC
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que submeteram-se a angiografia coronariana repetida, o NLR foi maior no grupo que
demonstrou progressao (5,0 = 5,1 vs 3,2 £ 3,0; p = 0,001) em comparagdo com o grupo
cuja doenca coronariana ndo progrediu. A taxa de progressdo da aterosclerose foi

significativamente maior (56 vs 39%; p = 0,03) em pacientes com NLR elevado'!2,
g p

2.6 PERFUSAO MIOCARDICA POR TOMOGRAFIA
COMPUTADORIZADA (PMTC)

Em contraste 8 ACTC, a perfusdo miocardica por tomografia computadorizada

(PMTC) fornece uma série de parametros quantitativos de perfusao, permitindo combinar
avaliagdo anatdmica com avaliagdo funcional no mesmo procedimento, algo bastante
desejavel. Além disso, pode ser utilizada com a mesma equipe de apoio, mesmo
equipamento e ha reducdo de custo e tempo envolvidos quando comparado a realizagdo
de outro método de estresse em um segundo momento. Diversos estudos demonstraram
que esse método pode oferecer um valor incremental significativo sobre a ACTC embora
exija uma aquisi¢do adicional, portanto dose de radiagdo e contraste mais elevadas!!>!!14,
A PMTC baseia-se nos principios da teoria da diluicdo de um tragador,
desenvolvida por Stewart, no século 19! Isso significa que quanto maior a concentragio
do contraste iodado no espago intravascular e na microcirculacdo miocéardica, maior sera
sua atenuacdo, ¢ 0 oposto também ¢ verdadeiro. Entretanto, a difusdo para o espago
extracelular aumenta ao longo do tempo, e depois de um minuto, sua concentra¢ao no
espago extracelular é maior do que no espago intravascular' ', Portanto, para se obter uma
avaliagdo acurada da perfusdo, as imagens devem ser adquiridas durante o inicio da
primeira passagem do contraste. Sendo assim, nesta abordagem de aquisi¢@o das imagens

na primeira passagem, a concentra¢do do contraste iodado ¢ idealmente proporcional ao

fluxo sanguineo miocardico em uma grande variedade de fluxos sanguineos. Areas mais
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escuras (baixa atenua¢do) durante a primeira passagem do contraste sdo classificadas
como territorios hipoperfundidos, sendo visualmente e quantitativamente avaliados com
relagdo aos territdrios miocardicos adjacentes'!”.

Os estudos iniciais, realizados em centros inicos € com equipamento de TC de 64
canais foram publicados em 2009. Blankstein ef al. demonstraram sensibilidade e
especificidade por vaso de 93% e 74% para ACTC associada a PMTC em comparagdo a
angiografia coronaria invasiva (CATE) e Cintilografia de Perfusdo Miocardica (CPM)'°.
George et al. avaliaram a PMTC em 40 individuos e determinaram que a sensibilidade e
especificidade da ACTC combinada 8 PMTC em comparacdo ao CATE-CPM foram 86%
€ 92%, na analise por paciente € 79% € 91% na andlise por vaso!!%.

Além dos estudos acima, podemos dizer que outra publicagdo pioneira na
validagdo dessa estratégia combinada, incluiu 35 pacientes e demonstrou que a adi¢do da
PMTC a ACTC melhorou a acuracia de 0,77 para 0,90% na deteccdo de estenoses
significativas em comparagdo a ACTC isolada e aumento de 20% no VPP apos a
incorporag¢do da analise de perfusdo por TC'2.

Cury et al. conduziram estudo de factibilidade que incluiu 36 pacientes utilizando
como método padrdo estenoses coronarianas acima de 70% diagnosticadas no CATE e
comparou técnica de perfusdo sob estresse farmacoldgico com dipiridamol pela TC com
64 canais de detectores para avaliagdo de isquemia miocéardica versus cintilografia
miocardica (CPM). Os valores diagnosticos por territorio, de acuracia, sensibilidade,
especificidade, valor preditivo positivo (VPP) e valor preditivo negativo (VPN) para a
perfusdo com estresse pela tomografia foram de 82%, 88%, 80%, 67%, 93%,
respectivamente, sem diferenga significativa quando comparados com os dados da
cintilografia miocardica'l. Além disso, pela primeira vez foi demonstrada a factibilidade

de realizar o protocolo de PMTC com dipiridamol
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Alguns anos apds, Rochitte ef al. publicaram resultados de seu estudo
multicéntrico, o CORE320'!°. Cabe ressaltar que ndo foi utilizada a reserva de fluxo
fracionada (FFR) como método de referéncia para diagnostico de isquemia, mas a
presenga de estenoses acima de 50% no cateterismo cardiaco associada a defeitos
perfusionais na CPM. Como resultado, observou-se acuracia de 87% da combinacdo
ACTC e PMTC para diagnodstico de doenga coronariana obstrutiva. Em comparagdo a
CPM, a acuracia da PMTC foi superior (0,78 vs 0,69; p=0,001), sobretudo por esta ultima
modalidade apresentar maior sensibilidade!?°.

Ao utilizarmos como referéncia a reserva de fluxo fracionada (FFR), meta-analise
que incluiu 2048 pacientes'?! demonstrou acuracia de 93% da PMTC na detecgdo de
estenoses funcionalmente significativas, desempenho semelhante a Ressondncia
Magnética Cardiaca (94%) e Tomografia por Emissdo de Positrons (PET) (93%) e
estatisticamente superiores a Cintilografia Miocardica de Perfusio (CPM) e
Ecocardiograma de Estresse (acurécias de 82 e 83%, respectivamente). Contudo, ndo ¢
claro se todas as estenoses foram avaliadas por FFR e se os estudos utilizaram diferentes
pontos de corte de FFR.

Em estudo recente, Yu et al. demonstraram em 240 pacientes com probabilidade
intermediaria de DAC que a estratégia de realizar ACTC associada a PMTC no mesmo
momento levou a menor necessidade de realizagdo de CATE em 90 dias (48,3% vs 30,8%
p =0,006) em comparagdo ao grupo que realizou somente ACTC. Além disso, houve
ainda redugdo da necessidade de CATE sem revascularizagao (50% vs 10,8%, P<
0,0001). Nao houve diferenca na taxa de eventos cardiovasculares em 1 ano de
seguimento!?2,

A acurécia diagnostica da PMTC comparada ao FFR, o atual método de referéncia

para detec¢do de lesdes hemodinamicamente significativas, foi testada em elegante
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estudo que incluiu 130 pacientes sintomaticos com risco intermedidrio a elevado de
doenca coronariana. Foi realizado protocolo de aquisi¢do Uinica da PMTC e utilizada
adenosina endovenosa para inducdo de estresse. A acuracia do método combinando
avalia¢do anatomica e funcional foi de 92%'%3.

A PMTC do miocéardio pode ser realizada em repouso e durante o estresse
induzido farmacologicamente. Uma aquisicao adicional pode ser realizada 5 a 10 minutos
apos a lavagem do contraste vascular para detectar cicatriz do miocéardio. Os dois
principais métodos de aquisi¢do sdo estatico e dinamico. O método estatico, mais
amplamente estudado, envolve a aquisicdo de uma tnica imagem durante uma infusdo de
contraste iodado para permitir avaliagdes qualitativas e / ou semi-quantitativas. E
realizada exatamente no momento ou ap6s o pico da opacificagdo do contraste
miocardico, onde a separacdo do contetido do contraste entre o tecido normal, isquémico
e o infarto ¢ maior. Apresenta a vantagem de adquirir ACTC e PMTC simultaneamente
e com um Unico bolus de contraste. A imagem dinamica envolve a aquisi¢do de varios
conjuntos de dados durante a primeira passagem de contraste iodado das artérias
corondrias para o miocardio e permite uma avaliagdo qualitativa, semi-quantitativa e
totalmente quantitativa da perfusdo do miocardio!?*. Como desvantagem, a imagem
dinamica utilizada maior dose de radiacao.

Se a PMTC for usada para avaliar isquemia miocardica, ¢ necessario estresse
farmacoldgico. O fluxo sanguineo do miocardio em repouso ¢ reduzido apenas pela
estenose mais grave e pode ser dificil diferenciar do infarto do miocérdio, tornando o uso
da aquisicao de repouso sozinha inespecifica para isquemia. A maioria dos protocolos de
PMTC incorpora uma aquisicdo em repouso, que também ¢ usada para analise
coronariana, uma aquisicao de estresse e, em casos selecionados, uma aquisi¢ao de realce

tardio. Um protocolo comum apresenta exame em repouso com ACTC, seguido pela TC
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de estresse. Uma razao convincente para essa ordem de imagem ¢ que uma ACTC normal
pode permitir o adiamento da imagem por estresse. Na pratica clinica, no entanto, o
processamento rapido de ACTC nem sempre € possivel. Outra limitacdo da primeira
técnica do resto € que algum contraste pode permanecer nas areas da cicatriz e, portanto,
resultar em um achado falso negativo na subsequente fase de estresse. Um protocolo
alternativo ¢ iniciar com realizacdo da TC de estresse, seguida pela ACTC. Esse protocolo
pode evitar a necessidade de tomografia computadorizada em repouso, se as imagens de
perfusdo por estresse ndo apresentarem defeitos e as artérias corondrias ndo apresentarem
estenose. No entanto, como os artefatos de movimento sdo comuns durante o teste de
estresse vasodilatador, ¢ provavel que ainda seja necessaria uma ACTC de repouso em
muitos casos!?>,

Atualmente, o teste de estresse com TC utiliza apenas agentes vasodilatadores.
Exercicio e dobutamina nao sdo opg¢des praticas devido as elevadas frequéncias cardiacas
que impediriam a geracdo de imagens de diagndstico na maioria das plataformas de TC
atualmente disponiveis. Embora ndo haja agentes aprovados para TC do miocérdio,
adenosina, dipiridamol e regadenoson sdo aprovados pela FDA para imagem de perfusdo
miocardica por radionuclideos. Portanto, seu uso na PMTC ¢ off-label'?4,

Em relacdo a analise semi-quantitativa utilizada sobretudo no protocolo de PMTC
estatico, a recomendacao ¢ que os defeitos de perfusdo sejam assim classificados:

1) Gravidade. A gravidade da hipoperfusdo deve ser pontuada se a presenca de
hipoperfusdo esta presente (binaria). Além disso, pode ser util descrever a gravidade do
defeito usando uma escala continua de leve, moderada ou grave.

2) Tamanho. O tamanho do defeito de perfusdo (pequeno, médio ou grande) deve

ser descrito, bem como se € transmural (> 50%) ou nao transmural (<50%).
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3) Reversibilidade. Os defeitos de perfusdo também devem ser descritos como
reversiveis (defeito de perfusdo presente apenas nas imagens de TC de estresse), fixos
(defeito de perfusdo presente e semelhante nas imagens de TC de repouso e de estresse)
ou parcialmente reversiveis (defeito de perfusdo presente tanto no estresse quanto no
repouso mas menos pronunciadas nas imagens em repouso).

Os métodos utilizados para avaliagdo quantitativa de isquemia se destacam a
relacdo de perfusdo transmural (RPT) e o summed stress score (SSS). A RPT ¢ calculada
através da média da densidade em Unidades Hounsfield do subendocardico dividido pela
média da densidade subepicardica de cada segmento miocardico. O valor da RPT menor
que 0,85 deve ser considerado como o valor de corte para identificagdo de segmentos
isquémicos. O SSS pela tomografia deve ser calculado baseado na soma do defeito
perfusional dos 17 segmentos pré-definidos pela American Heart Association variando
de uma escala de 0-4 para cada segmento (0 — normal; 1 — discreta; 2 — moderada; 3 —
importante e 4 — defeito perfusional transmural). Os valores do SSS para quantificagcdo
de isquemia sdo: menor que 4 ¢ considerado normal, entre 4 ¢ 8 discreta, entre 9 e 13
moderada e maior que 13 importante!26.

Embora a PMTC seja segura, a tabela abaixo demonstra algumas contraindicagdes

absolutas e relativas.

LAbsqu(e Contraindications tRelative Contraindications ‘

High-risk unstable angina « Acute pulmonary embolism. + Kwwn efl mancorenary slencss >
Decompensated or inadequately + Active CVA 50*.

controlled CHF « Acute myocarditis or pericarditis. « hypertrophic obstructive
Uncontrolled hypertension (BP > « Acute aortic dissection. cardiomyopathy or other forms of
200/110) « Severe pulmonary hypertension. outflow tract obstruction
Hypotension (SBP<90 mm Hg « Acute myocardial infarction. « Electrolyte abnormalities

Known contrast allergy, unless pre- « Acutely ill for any reason. « Significant tachyarrhythmias or
treated « Severe renal Insufficiency bradyarrhythmias

Allergy to stress agent (GFR<30ml/min/BSA) + Recent stroke

Uncontrolled cardiac arrhythmias « High-degree (AV) block. + Recent seizure

Severe symptomatic aortic stenosis. « Unable to cooperate with breath hold « Heart rate =100, and cannot be
Bronchospastic Lung Disease instructions. treated with beta blockers

(avoid adenososine and « Any caffeine, theophylline, or chocolate « Moderate renal insufficiency (GFR
dipyridamole; regadenoson may be consumption in the last 12 hours 30-60ml/min/BSA)

considered unless active wheezing) + Morbid Obesity (BMI>40)
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As recomendagdes mais atuais de realizagdo PMTC adicionada a ACTC sao para
pacientes que apresentam elevado risco de doenga arterial coronariana obstrutiva,
incluindo aqueles com intervencdo coronaria prévia ou calcificacdo significativa, ou
ainda quando ha uma estenose de significado funcional indeterminado (lesdes
intermedidrias)'?*.

Por fim, cabe citar uma nova e promissora estratégia de avaliagdo funcional
derivada de dados anatomicos. Trata-se da avaliagdo ndo invasiva da FFR através da
dindmica computacional dos liquidos obtida de conjuntos de dados da ACTC
convencionais (FFR-TC). Varios estudos clinicos multicéntricos demonstraram que a
FFR-TC fornece valor incremental sobre a ACTC, sobretudo com aumento de
especificidade e reduzindo o nimero de encaminhamentos desnecessarios para CATE!?7~
130, De fato, em dois estudos recentes de comparagio frente a frente, a precisdo da FFR-
TC foi pelo menos comparavel aos testes funcionais para a avaliacdo do significado
hemodinidmico das lesdes'!'*!*!. Além disso, o estudo dindmico dos fluidos permite
conhecimento das forcas de cisalhamento endoteliais e forgas de tensdo da placa,
conhecidos marcadores de eventos adversos'*2. Com isso, a avaliagio do estresse
hemodindmico nas placas coronarianas pode identificar fatores especificos da placa que

desencadeiem eventos coronarianos agudos, melhorando o valor preditivo positivo.
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3. JUSTIFICATIVA PARA PESQUISA

A evolugdo tecnologica tem facilitado o desenvolvimento de excelentes
ferramentas para estabelecer o diagnostico e estimar o progndstico da doenga arterial
coronariana. Esses avancos nos permitem avaliar de forma ndo invasiva diferentes
aspectos da anatomia e fisiologia do coragdo com grande precisdo. O grande desafio ¢é
que o médico defina a melhor estratégia e a sequéncia de avaliagdo complementar da
forma mais racional possivel, garantindo ndo sé a melhor assertividade na avaliagdo, mas
também o maior beneficio considerando os custos assistenciais.

Na pratica clinica, observa-se que um numero consideravel de pacientes
submetidos a exames que avaliam a anatomia coronaria e demonstram estenose corondria
moderada acabam realizando testes funcionais complementares, como ressonancia
magnética cardiaca ou cintilografia de perfusdo miocérdica, resultando em maior tempo
e custo na investigacdo. A Reserva de Fluxo Fracionado (FFR) ¢ considerada referéncia
padrao para avaliagdo de isquemia e pode definir a repercussdo funcional de determinada
estenose moderada, mas de forma invasiva e com um custo ndo desprezivel. Embora a
FFR seja validada e fortemente recomendada nas diretrizes, ¢ um dispositivo nado
disponivel em muitos paises e muitos centros, inclusive no Brasil, quando nos referimos
a pacientes do Sistema Unico de Saude.

Considerando que a correlacdo entre anatomia e isquemia ¢ fraca, o
desenvolvimento de métodos hibridos ndo invasivos torna-se muito atraente, com intuito
de avaliar anatomia (estenose) e perfusdo miocardica (isquemia) em um unico exame.
Com a evolugdo dos equipamentos de tomografia computadorizada (TC) de multiplos

detectores e técnicas de reconstrucdo de imagem, o diagnostico ndo apenas da doenca
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aterosclerotica (Angiotomografia Coronariana e Escore de Célcio Coronariano), mas
também da carga isquémica potencial (Tomografia Cardiaca Perfusional) tornou-se
viavel e altamente desejavel.

Além disso, podemos utilizar outra ferramenta disponivel na TC cardiaca, o
Escore de Célcio Coronariano, estudando sua associacdo com um conhecido e facilmente
disponivel marcador de inflamagdo, o NLR (neutrophil-lymphocyte ratio), em pacientes
com estenoses moderadas. Deste modo podemos melhor compreender os fatores
envolvidos na vulnerabilidade cardiovascular de alguns pacientes e estimular a condugao
de futuros estudos de intervencgao.

Em suma, buscamos incorporar um método ndo invasivo que tenha boa acuricia
quando comparado a avaliagdo invasiva por FFR em estenoses coronarianas moderadas
pode levar a um diagnostico preciso em um Unico procedimento, com menor custo,
otimiza¢do de tempo e, muitas vezes, filtrar pacientes encaminhados para cateterismo
cardiaco. Com o conhecimento do desempenho diagndstico da Tomografia Cardiaca em
nosso pais para avaliacdo de estenose coronaria moderada, podemos organizar um
protocolo em nosso servico, a fim de evitar procedimentos invasivos com seus riscos €
custos inerentes ou encaminhd-los para cateterismo cardiaco com correlagdo anatdmica-

funcional documentada.
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4. OBJETIVOS:

4.1 Objetivo Principal:
Investigar a acuracia da Perfusdo Miocéardica por Tomografia Computadorizada na
deteccdo de estenoses coronarianas hemodinamicamente significativas, definidas por
FFR, em pacientes com lesdes coronarianas moderadas avaliadas pela angiografia

coronariana quantitativa.

4.2 Objetivos Secundarios:

1) Investigar a associagdo entre escore de calcio coronariano e marcador
inflamatorio NLR em pacientes com lesdes coronarianas moderadas avaliadas
pela angiografia coronariana;

2) Investigar a associagdo entre escore de cdlcio coronariano ¢ FFR (Reserva de
Fluxo Fracionada) em pacientes com lesdes coronarianas moderadas avaliadas

pela angiografia coronariana;
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5. CONCLUSOES E CONSIDERACOES FINAIS

Apesar dos avancos nas ultimas décadas no conhecimento da fisiopatologia da
doenca coronariana aterosclerotica, dos mecanismos envolvidos na sua génese e
progressdao da placa de ateroma, assim como dos preditores de risco de eventos
cardiovasculares, a elevada morbidade e mortalidade desta doenga justifica a incessante
pesquisa na area.

No campo dos métodos diagnosticos, a evolugdo dos equipamentos de imagem
cardiovascular, com melhorias técnicas, possibilidade de técnicas de reconstrugdo, assim
como treinamento e maior experiéncia de profissionais podem permitir avaliagdo tanto
anatomica quanto funcional com 6timo desempenho. A escolha do teste mais adequado
para cada paciente deve levar em consideracdo as caracteristicas especificas de cada
individuo, a disponibilidade, as condi¢des locais e o custo.

Um dos grandes desafios do manejo da doenga coronariana trata-se da abordagem
das estenoses coronarianas moderadas. Embora diversos ensaios clinicos randomizados e
diretrizes recomendem avaliagdo invasiva através da reserva de fluxo fracionada (FFR)
das lesdes moderadas, em nosso meio, nos deparamos com a limitagdo do custo do
dispositivo, indisponivel no sistema publico de saude. Com objetivo de buscar alternativa
ao FFR, incluimos pacientes estaveis que foram encaminhados para cinecoronariografia
e apresentavam estenoses moderadas. Em nosso primeiro artigo publicado
demonstramos, em 33 lesdes moderadas, especificidade e valor preditivo positivo de
100% (Acuracia 78,8%) da tomografia computadorizada perfusional para detec¢ao de
lesdes funcionalmente significativas definidas por FFR < 0,80, apesar de uma baixa
sensibilidade (S=30%) ter sido evidenciada. Na pratica, a presenga de isquemia

demonstrada em tomografia computadorizada perfusional antes da cinecoronariografia,
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pode ser suficiente para decisdo de tratar uma estenose moderada, permitindo dispensar
o uso de FFR. Estes achados ganham particular relevancia pelo fato de o estudo ter sido
realizado em tomografo de apenas 64 canais, com resolu¢do inferior aos equipamentos
mais modernos de 320 canais, permitindo incorporar esta abordagem em nosso meio ou
em outros centros com tecnologias similares.

No segundo artigo desta tese de doutorado, nosso enfoque foi estudar a associagao
entre dois marcadores de risco cardiovascular conhecidos (indice neutrdfilo-linfécito
(NLR) e escore de calcio coronariano) no mesmo grupo de pacientes incluidos no
primeiro trabalho, ou seja, pacientes estdveis com lesdes coronarianas angiograficamente
moderadas E importante salientar que a partir do NLR, importante definidor de atividade
inflamatoria, nosso grupo de pesquisa publicou diversos artigos em periddicos
internacionais. Dito isso, neste artigo, demonstramos uma correlacdo significativa
positiva entre niveis de NLR e escore de célcio coronariano, avaliado através da
tomografia computadorizada. Estes achados refor¢am a hipotese de que, mesmo em
individuos com doenca coronariana conhecida e estenoses moderadas, existe um
subgrupo com maior calcificagdo e maiores niveis de marcadores inflamatorios que
poderia beneficiar-se de terapéuticas preventivas mais agressivas. Estudos maiores, de

preferéncia ensaios clinicos randomizados, s3o necessarios para comprovar esta hipotese.
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ABSTRACT

Coronary computed tomography with myocardial perfusion imaging (CCTA-MPI)
provides data on coronary anatomy and perfusion and may be useful in the assessment of ischemic
coronary artery disease (CAD). Management of angiographically intermediate coronary lesions is
challenging, and coronary fractional flow reserve (FFR) evaluation is recommended to assess
whether these lesions are functionally significant. Our aim was to evaluate the diagnostic accuracy
of CCTA-MPI in patients with stable CAD and at least one angiographically intermediate coronary
lesion submitted to FFR.In this single center prospective study, patients with stable CAD and at
least one moderate coronary stenosis (50 to 70% by visual estimation) were referred for CCTA-
MPI (64-row multidetector) assessment before coronary FFR evaluation. Patients with severe
coronary obstructions (>70%) were excluded. The significance level adopted for all tests was 5%.
Twenty-eight patients (mean age 60 = SD years, 54% women) with 33 intermediate coronary
obstructions were enrolled. Ten patients (30%) had functionally significant coronary obstructions
characterized by FFR <0.8. The sensitivity, specificity and accuracy of CCTA-MPI for the
detection of functionally significant coronary obstructions were 30%, 100% and 78.8%,
respectively. CCTA-MPI positive predictive value (PPV) was 100%, while negative predictive
value (NPV) was 76.7%. Correlation coefficient between tests was 0.48 (p=0.005). On a novel
approach to evaluate intermediate coronary lesions, accuracy of CCTA-MPI was 78.8%. The PPV
of an abnormal CCTA-MPI on this population was 100%. suggesting that CCTA-MPI may have a

role in the assessment of patients with anatomically identified intermediate coronary lesions.

KEYWORDS: Stable coronary artery disease; Fractional Flow reserve; Computed tomography;

Myocardial perfusion imaging.
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INTRODUCTION

Management of angiographically intermediate coronary lesions is challenging, and
coronary fractional flow reserve (FFR) evaluation is recommended to assess whether these lesions
are functionally significant. Although coronary stenosis above 70% are considered severe,
approximately one-third of angiographically significant lesions are not functionally significant,
defined by an FFR of 0.80 or lower. On the other hand, in individuals with angiographically
moderate lesions (stenosis of 50 to 70%), approximately one-third will have functionally
significant coronary artery disease (CAD) !,

Coronary computed tomography (CCTA) has been consolidated as a powerful tool for the
evaluation of patients with suspected CAD. CCTA has a high negative predictive value for the
presence of significant coronary stenosis; however, specificity and positive predictive value are
lower, particularly when evaluating moderate degrees of luminal stenosis®. In recent years, CCTA
with myocardial perfusion imaging (MPI) has been uprising as an interesting non-invasive
modality to detect coronary perfusion defects related to atherosclerotic coronary disease*, which
may increase the diagnostic accuracy of CCTA alone. From a clinical point of view, it is essential
to identify hemodynamically significant stenosis, since its treatment reduces outcomes>S. CCTA-
MPI can provide information about anatomy and coronary perfusion in a single examination,
potentially providing both a therapeutic strategy decision and prognostic information.

Previous studies have compared CCTA-MPI with coronary angiography and showed
promising results, although all presented different methodologies and selected patients with severe
CAD’. More recently CCTA-MPI has been evaluated in functionally significant lesions defined

10-12 " OQur aim was to evaluate the diagnostic

by FFR, showing reasonable diagnostic accuracy
accuracy of CCTA-MPI in patients with stable CAD and intermediate coronary stenosis, using as

reference FFR measurement.
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METHODS

Study protocol

This was a prospective cohort study conducted in a single center at a tertiary University
Hospital. All patients signed informed consent form before entering the study. The protocol of this
study and other relevant documents conforms to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the Institutional Research and Ethics Committee.
Patients referred to elective cardiac catheterization were eligible if they had at least one visually
estimated moderate lesion (50-70% stenosis). Patients with severe coronary lesions (>70%) were
excluded.

Patients were referred to CCTA-MPI within a maximum of two weeks of their first
coronary angiography, followed by another coronary angiography performed in two weeks in order
to perform FFR in moderate lesion(s). FFR evaluation was not executed in the initial coronary
angiography due to local health system restrictions in requesting FFR guidewires. If FFR was
positive, coronary angioplasty was performed. Exclusion criteria were contraindication to CCTA
or dipyridamole (high-grade atrioventricular block, history of bronchospasm), acute coronary
syndromes, percutaneous coronary angioplasty in the last six months, previous coronary artery
bypass surgery, ejection fraction <30%, atrial fibrillation, increased serum creatinine than 1.5

mg/dL.

Coronary computed tomography

Prior to CCTA-MPI, all patients were instructed to have a diet free of caffeine 24 hours
before examination. CCTA and CCTA-MPI were performed by an experienced radiologist blinded
to coronary angiography and FFR using a 64-row multidetector apparatus, which enabled the
reconstruction of 128 slices per gantry rotation (Aquilion CX, Toshiba Medical Systems, Ottawara

/ Japan). Antianginal drugs (except beta-blocker) were discontinued 48 hours before the test.
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CCTA-MPI was performed after infusion of dipyridamole 0,56 mg/kg for 4 minutes using
electrocardiographic (ECG) synchronization, 0.5 mm / 64 collimation, pitch adapted to heart rate,
100 Kvp tube voltage, 300 mA tube current and craniocaudal direction of acquisition[8]. During
dipyridamole infusion, heart rate, blood pressure and symptoms were monitored continuously. At
the time of peak stress, between 4-6 minutes after dipyridamole infusion, 60 ml iodinated contrast
(370 mgl/mL) was infused at 4.0 mL/sec followed by a 70 mL saline flush. The single helical data
acquisition of CCTA-MPI during first-pass enhancement was initiated immediately after
visualization of the contrast bolus to reach the left atrium. Immediately after CCTA-MPI, all
patients received IV aminophylline (120 mg) to revert dipyridamole effects.

CCTA was performed up to 1 hour after stress CCTA-MPI (see Text, Supplemental Digital
Content 1). Oral and/or intravenous metoprolol was given in order to achieve a resting heart rate of
<60 bpm. In addition, patients without contraindications received sublingual nitrate 1-2 minutes
after contrast injection.

The dose-length product of CCTA and of CCTA-MPI were recorded to estimate the radiation dose

of each procedure and a conversion factor of 0.014 were used to estimate the effective dose.

Coronary computed tomography: Image analysis

The standard 17-segment American College of Cardiology / American Heart Association'?
was used to identify perfusion defects. Data from CCTA-MPI was assessed using 8§ mm
multiplanar reformations in the left ventricular (LV) short axis and LV longitudinal axes (2- and 4-
chamber). Thicker slices were used to improve resolution for myocardial perfusion analysis (8
mm-thick multiplanar reformatted images), and specific windowing (350 HU amplitude and 150
HU center) was used. Initial assessment of perfusion defects was initiated in the diastolic phase,
and for potential reading of artifacts the systolic phase was used for confirmation of perfusion
defects. True perfusion defects were defined as subendocardial hypoattenuation involving at least
25% of the transmural extension, present in different phases of the cardiac cycle and within a

specific coronary territory (correlation between myocardial territories and corresponding coronary
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artery was performed according to Cerci et al'*. Two fellowship trained cardiac radiologists
performed analysis of the gross angiographic data. They were blinded for the conventional
coronary angiography and for the FFR results. Stenosis was graded in minimal (0% to 25%), mild
(25% to 50%), moderate (50% to 70%) and severe (> 70%). Disagreements were resolved by

consensus.

Coronary Angiography and Fractional Flow Reserve

Coronary angiography was performed as standard procedure with femoral or radial access
using 6F guiding catheter. Operators were blinded to CCTA-MPI results. Each coronary segment
was evaluated both visually and through quantitative coronary angiography (QCA) to determine
the degree of luminal stenosis. QCA was done only for the initial angiogram and considered
positive if >50. FFR was performed in all lesions with 50-70% visual stenosis using a 0.014-inch
guidewire with a pressure sensor at the tip (Prime Wire Prestige; Volcano, Japan). After placement
of the pressure wire distally to the target lesion, a continuous intravenous infusion of adenosine at
a rate of 0.14 mg/kg/min was initiated. FFR is a ratio between mean coronary pressure measured
distal to the stenosis and mean proximal pressure measured by the guiding catheter. If within 3

minutes the FFR was 0.80 or less, the stenosis was considered hemodynamically relevant.

Statistical Analysis

Continuous variables were expressed as mean (+ standard deviation) or median
(interquartile range [IQR]) based on the presence of symmetrical and asymmetrical distribution,
respectively. The normality of the distribution of each variable was assessed by the Shapiro-Wilk
test. Categorical variables were represented by their relative and absolute frequencies. All
hypothesis tests had a two-sided significance level of 0.05. Due to the scarcity of similar studies,
the sample size was for convenience. Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated to predict the ability of CCTA-MPI to identify

myocardial ischemia defined as FFR <0.8 and QCA> 0.5. Kappa (k) statistic values were used to
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assess the concordance between CCTA-MPI and FFR. Statistical analyses were performed using

SPSS version 18.0 (SPSS Inc., Chicago, Illinois).

RESULTS

From 31 initially enrolled patients, 28 completed both CT scan and FFR measurement.
Three patients were excluded due to technical failure to perform FFR. Five patients had two
intermediate coronary lesions; therefore 33 intermediate coronary obstructions formed our study
cohort. Mean age was 60 + 9 years, and 54% of the patients were women. Patient characteristics
are summarized in Table 1.

Coronary computed tomography and CCTA-MPI median exposure to radiation was 7.17
[IQR 4.48 - 10.07] mSv and 5.8 [IQR 3.99 -7.91] mSv, respectively, and mean contrast volume
was 100 (x17) ml. CCTA detected the “target vessel” stenosis in 42% of cases, and artifacts such
as calcification and stent previously implanted were seen in 40%. Perfusion abnormalities in
CCTA-MPI were detected in 3 (9%) of patients, and all of them were in left anterior descending
coronary (LAD) artery (Figure 1).

Fractional flow reserve median exposure to radiation was 3.47 [IQR 1.70 -5.34] mSv, and
mean contrast volume was 70 (£34) ml. Mean coronary stenosis evaluated by QCA was 47% (%7,
minimum 36%, maximum 62%), and 71% of the lesions were in LAD. Ten patients (30%) had
functionally significant coronary obstructions characterized by FFR <0.8. The sensitivity,
specificity and accuracy of CCTA-MPI for the detection of functionally significant coronary
obstructions were 30%, 100% and 78.8%, respectively. CCTA-MPI positive predictive value
(PPV) was 100%, while negative predictive value (NPV) was 76.7% (Table 2) When compared to
QCA, the sensitivity, specificity, accuracy, PPV and NPV of CCTA-MPI were 90%, 7.69%
57.58%, 60% and 33.33%, respectively. Kappa concordance correlation coefficientt between tests

CCTA-MPI and FFR was 0.37 (p=0.006).
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DISCUSSION

In a study of patients with moderate coronary lesions detected by coronary angiography,
computed tomography with myocardial perfusion imaging had high specificity to detect significant
coronary lesions evaluated by fractional flow reserve, with low sensitivity. In our knowledge, this
was the first time CCTA-MPI and FFR were compared exclusively in patients with moderate
lesions and suggests a new pathway where CCTA-MPI can be performed when coronary anatomy
is already known.

An array of myocardial perfusion imaging techniques such as single-photon emission
computed tomography (SPECT), positron emission tomography (PET), magnetic resonance
imaging (MRI) and CCTA can provide reliable information to determine myocardial ischemia and
guide treatment of CAD'>"!7. Of those, PET seems to have a slightly higher diagnostic accuracy
(DA)'® but is the most expensive method, and SPECT has the lowest DA probably due to a lower
spatial resolution'”. Computed tomography is widely available with a lower cost, and CCTA-MPI
has been extensively tested showing high concordance with either noninvasive (SPECT and MRI)
or invasive reference (FFR) to detect myocardial ischemia?’. CCTA-MPI improves the specificity
of CCTA alone for detecting functionally significant stenosis as defined by invasive FFR2!.

According to our findings, the high specificity and positive predictive value (100%) of
CCTA-MPI in patients with moderate coronary may permit to renounce a method with high cost
and not absent of risk such as FFR. For example, a positive CCTA-MPI performed before coronary
angiography (instead of SPECT, for example) could be enough to decide to treat a moderate
coronary stenosis without FFR measurement. Our results are of particular interest in lower income
countries where FFR is still not widely available, or when the operator decides to treat a severe
lesion first and opts to clinically observe the patient, leaving the decision of evaluating a moderate

lesion to a second moment. Considering its low sensitivity, a negative CCTA-MPI test does not
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preclude further invasive FFR assessment.

Unlike previous studies evaluating the role of CCTA-MPI to detect functionally relevant
coronary lesions compared to FFR, we evaluated exclusively moderate lesions in patients with
known coronary anatomy. This unique design had two implications: 1) Sensitivity of CCTA-MPI
(30%) was lower than previously described because the lesions were less severe (average stenosis
of 47% by QCA) than previous studies; 2) There was no role for resting CCTA since coronary
anatomy was already known. Previous studies found that CCTA-MPI improves the specificity of
CCTA alone by using the combination of a >50% stenosis on CCTA and perfusion defect10—12.
Knowing that sensitivity of rest CCTA in our study was 82%, combining CCTA and CCTA-MPI
would decrease our diagnostic accuracy (79% to 69%).

Recent technological developments have unveiled a non-invasive fractional flow reserve
approach using the CCTA dataset which uses computational fluid dynamics to derive FFR from
conventional CCTA images, called FFR-CT. Several studies have shown very good diagnostic
accuracy of FFR-CT in comparison with invasive FFR*?* and the PLATFORM  trial
demonstrated the feasibility, safety profile and 1-year outcomes of using this technology in
patients with new onset chest pain?-?. Previous studies compared the individual and combined
accuracy of dynamic CCTA-MPI and FFR-CT for the identification of functionally relevant
coronary artery disease and showed comparable accuracy between both modalities?’%°. Although
CCTA-MPI and FFR-CT detect myocardial ischemia using different approaches and may be even
complementary, a strategy using FFR-CT could obviate the need for CCTA-MPI, particularly
because it does not require additional imaging nor administration of vasodilator agents. However,
the majority of trials that evaluated the diagnostic performance of FFR-CT used an off-site remote
service to analyse CCTA images and provide the FFR-CT values. Site-specific or vendor-provided
equivalent FFR-CT solutions will have to be validated to cope with the expected increase in
demand of this approach in the years to come. CCTA-MPI is less expensive and time-consuming,
and potentially more easily integrated in clinical workflow.

Our study has limitations. First, this was a single-center experience with 28 patients, and
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these findings need to be confirmed in larger studies. We have included a selected group of
symptomatic patients who were considered for revascularization, and the reported accuracy of
CCTA-MPI should be interpreted within this context. Nevertheless, this is the typical patient
population to be referred for FFR. Second, the 64-row CT used in this study may be considered
outdated compared to modern 320-row CTs. Yet this may be a conservative bias, since modern
CTs have better spatial resolution and may have even better diagnostic accuracy in this context.
Myocardial perfusion defects were assessed by visual analysis (qualitative assessment), a strategy
that have been shown to be achieve similar results when compared to quantitative assessment in
both CT*. Local inhomogeneity of myocardial attenuation due to beam hardening may have
decreased the accuracy of CT MPI in the present study. Nonetheless, strategies to identify a true
perfusion defect from artefacts using visual analysis can attenuate this limitation and reduce false
positive findings®!. Finally, the strategy to perform CCTA-MPI first in relation to CCTA was
chosen to prioritize the MPI component of the study, since coronary anatomy was not the main
target of the study. Although this particular approach may not the most straightforward strategy in
clinical practice, since an MPI study would be required only after a non-diagnostic CCTA, the
detection of myocardial ischemia is optimized by not having contamination of iodinated contrast

from a prior CCTA study.

CONCLUSIONS

In conclusion, computed tomography myocardial perfusion imaging has an excellent
specificity and positive predictive value to detect hemodynamically significant moderate coronary
lesions evaluated by fractional flow reserve. In case our findings are replicated in larger studies,
CCTA-MPI may potentially become a useful tool in the assessment of patients with intermediate

coronary obstructions.
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Highlights

e Macrophages, inflammation, and apoptosis may play a crucial role in the initiation of
intimal calcification;

e Vascular calcification is an established marker of atherosclerosis and CCS is
associated with cardiovascular risk;

e There is a positive correlation between NLR level and CCS in moderate lesions.

e This might be an indirect and non-invasive marker of severity of disease in an early
stage.

e A low NLR has an excellent negative predictive value for CCS.
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ABSTRACT

Background: Coronary calcium score (CCS) is a non-invasive imaging technique
to evaluate the calcium load and it is able to predict adverse cardiac events. The neutrophil-to-
lymphocyte ratio (NLR) is an inflammatory marker associated with the severity and prognosis
of many cardiovascular diseases. We aim to understand whether in patients with known

coronary artery disease, there is a correlation between levels of NLR and CCS.

Methods: This was a cross-sectional study conducted in a single center at a tertiary
University Hospital. Patients referred to elective cardiac catheterization were eligible if they
had at least 1 visually estimated moderate lesion (40%—70% stenosis). All eligible patients
underwent non-contrast-enhanced computed tomography (CT) to detect the coronary calcium

score (CCS).

Results: From 29 initially enrolled patients, 2 were excluded, Therefore, 27
completed CT scan and CCS score and were included in the final analysis. Patients were
divided into two groups according to their CCS. An elevated CCS was defined above 100.
Mean age was 59.9+9 years, 48 % of the patients were male, 81% had hypertension. Median
CCS and NLR was 209 (35-667) 1.7 (1.6-2.6), respectively. There was a positive correlation
between NLR and total CCS (rho = 0.52). Area under the ROC curve of NLR for high CCS

was 0.81.

Conclusions: There is a significant positive correlation between NLR level and
CCS in moderate lesions. This finding might be an indirect and non-invasive marker of severity

of disease in an early stage.

Keywords: computed tomography, stable coronary artery disease, coronary calcium

score, neutrophil-to-lymphocyte ratio.
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1. Introduction

Atherosclerotic disease is the main cause of cardiovascular disease worldwide, leading
to great morbidity and mortality. Atherosclerosis refers to the accumulation of fibrotic and/or
lipid material in the innermost layer of the artery, the intima. Over time, plaque can become
more fibrotic and accumulate mineral calcium. Recognition of calcification in the coronary tree
therefore means the existence of coronary artery disease. Coronary calcium score (CCS) is a
non-invasive imaging modality to evaluate the calcium load in the coronary tree and is currently
performed using multi-slice computed tomography (MSCT). This score is able to predict future
cardiac events, regardless of traditional markers such as Framingham risk score!”. The
extension of the calcification, as well as its pattern, has a prognostic implication, however, the
relationship between calcification and plaque instability is complex and not fully understood.

In addition to calcification, inflammation and oxidative stress have been implicated in
the mechanism of atherogenesis and inflammatory markers have been studied extensively in
recent years®. The neutrophil-to-lymphocyte ratio (NLR) is an inflammatory marker, easily
accessible and of low cost, which is associated with the severity and prognosis of many
cardiovascular diseases’. Leukocytes play a crucial role in the progression of atherosclerosis
and in destabilization and rupture of a plaque®. Neutrophils have a tropism for inflamed tissues,
and therefore, neutrophilic invasion of atherosclerotic plaque facilitates its rupture through the
release of proteolytic enzymes, arachidonic acid derivatives, and superoxide radicals®!?.
Machado GP et al.!!. demonstrated the temporal patterns of NLR after ST-elevation myocardial
infarction (STEMI) in patients who underwent primary percutaneous coronary intervention
(pPCI) showing and increase in patients with adverse outcomes at 30 days after STEMI.

The objective of this study is to assess the association between NLR, a hematological
inflammation marker, and extension of atherosclerotic disease, assessed through total calcium

score, including only patients with moderate coronary stenosis. We aim to understand whether
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in patients with known coronary artery disease, there is a correlation between levels of NLR
and CCS.
2. Methods

Study Protocol

This was a cross-sectional study conducted in a single center at a tertiary University
Hospital. Patients referred to elective cardiac catheterization were eligible if they had at least
1 visually estimated moderate lesion (40%—70% stenosis). Patients with severe coronary
lesions (>70%) were excluded.

All coronary angiograms were performed according to Judkins technique. For all
coronary arteries, at least 2 plain images were taken in different orthogonal views. All eligible
patients underwent non-contrast-enhanced multi-slice computed tomography (MSCT) to detect
the coronary calcium score (CCS).

Our primary analisys was the correlation between NLR and CCS and the ability of
NLR to predict a high CCS. A secondary analysis was performed to observe the correlation of
NLR and fractional flow reserve (FFR).

Blood Samples

NLR was calculated by dividing neutrophil count from lymphocyte count before
procedure, both obtained from the same blood sample before procedure. Blood parameters
were analyzed by the XE5000 (Sysmex, Norderstedt, Germany).

Coronary Computed Tomography: Image Analysis

CT began from the carina extending to the subdiaphragmatic level (Aquilion CX;
Toshiba Medical Systems, Otawara, Japan). Calcified coronary artery plaques were explored
visually on cardiac sections. CCS was determined using a dedicated workstation (VITREA
Advanced Visualization, Toshiba Medical Systems, Otawara, Japan; Agatston scoring

method). Agatston score is the most commonly used scoring method and defines CCS as any
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calcium within the coronary arterial system 130 Hounsfield units (HU) or higher, occupying
at least 2 to 3 adjacent pixels. The score is determined by summation of the product of the total
plaque area and a cofactor determined by the maximum calcium density within the plaque; 1
for lesions with a maximum density of 130 to 199, HU 2 for lesions with a maximum density
of 200 to 299 HU, 3 for lesions with a maximum density of 300 to 399 HU, and 4 for lesions
with a density of 400 HU and higher. The total CCS was the sum of calcium levels calculated
in the left main coronary artery, in the left anterior descending coronary artery, in the
circumflex coronary artery, and in the right coronary artery traces.

All patients signed informed consent form before entering the study. The protocol of
this study and other relevant documents conforms to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a priori approval by the Institutional Research and Ethics
Committee.

Statistical Analysis

Continuous variables were expressed as mean (+£SD) or median (interquartile range
[IQR]) based on the presence of symmetrical and asymmetrical distribution, respectively. The
normality of the distribution of each variable was assessed by the Shapiro—Wilk test.
Categorical variables were represented by their relative and absolute frequencies. The median
of NLR was compared using the Wilcoxon rank-sum test. All hypothesis tests had a 2-sided
significance level of 0.05. Correlations between levels of NLR, CCS and FFR were analyzed
by Spearman's rank correlation and C-statistical analysis was carried out using MedCalc
Statistical Software version 14.8.1 (MedCalc Software bvba, Ostend, Belgium) All remaining
statistical analyses were conducted using SPSS Statistics for Windows, v.21.0. (IBM Corp.,

Armonk, New York, USA).

3. Results
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From 29 initially enrolled patients, 2 were excluded, Therefore, 27 completed CT
scan and CCS score and were included in the final analysis. Patients were divided into two
groups according to their CCS. An elevated CCS was defined above 100. Mean age was 59.9+9
years, 48 % of the patients were male, 81% had hypertension and 40% had diabetes. Patient
characteristics are summarized in Table 1.

Patients with high CCS had a higher median NLR (1.4 vs 2.2 p = 0.03 (Figure 1)
There was a positive correlation between NLR and total CCS rho = 0.520 (0.07 to 0.79) p=
0.02 (Figure 2) and a negative correlation between NLR and FFR rho = - 0.484 (-0.769 to -
0375) p =0.03 (Figure 3). Area under the ROC curve of NLR for high CCS was 0.81 (95% CI
0.56 - 0.97; p=0.018; Figure 4); a value higher than >1.6 had a sensitivity of 100% specificity
71.43%, positive predictive value of 84.6% (95% CI = 54.6 - 98.1) negative predictive value

of 100% (95% CI =47.8 - 100).

4. Discussion

We found an association between the inflammatory marker NLR and CCS in patients
with previously known coronary artery disease, who presented exclusively angiographically
moderate stenosis. Although atherosclerotic pathogenesis remains unclear, an increasing body
of evidence suggests that arterial inflammation may play a crucial role!>!3. When referring to
coronary calcification, we can mention the association between elevated inflammatory
markers, especially C-reactive protein and coronary calcium load'*!>,

The ratio between the absolute number of neutrophils to the number of lymphocytes
has recently emerged as a potential new biomarker which singles out individuals at risk for
future CVD events'®2!. One of the first studies that demonstrated the value of NLR in coronary
artery disease was conducted about 15 years ago by Horne ef al.??. In their prospective

observational study, more than 3000 patients without acute myocardial infarction (MI) and
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with angiographically assessed CAD were followed for more than 6 years. The predictive
ability for death/MI of total white blood cell count (WBC) neutrophil, lymphocyte and
monocyte as well as NLR was compared, and NLR demonstrated the greatest risk prediction.

Akyel et al.? included 134 patients with intermediate-grade coronary artery stenosis,
as well as the patients included in our study and demonstrated that NLR was significantly
higher in patients with hemodynamically significant coronary artery stenosis, as measured by
FFR. In an exploratory analysis carried out in our study, we demonstrated a negative correlation
between NLR levels and FFR values, corroborating the findings that greater inflammation is
associated with more functionally significant coronary obstructions.

Park BJ et al.** in a retrospective analysis demonstrated in more than 800 healthy
Korean individuals that higher NLR values were associated with arterial stiffness, measured
by brachial-ankle pulse wave velocity (baPWV) and CCS.

It is well understood that vascular calcification is associated with increased mortality

32528 Calcium

and CCS has been shown to be a reliable risk predictor of cardiovascular disease
scoring, mainly the Agatston score, has been used to predict relative future risk of
cardiovascular events in both asymptomatic and symptomatic persons?’. Budoff MJ et al.?®
demonstrated that absolute values predict better events compared to values in percentiles
adjusted for sex, age, and ethnicity. The authors demonstrated that individuals with a calcium
score above 100 had 2-5 times more cardiovascular events and suggested using cutoff points
between 100 and 400. In our study, we used a cut-off point of 100 to divide patients between
low and high CCS. We observed a great correlation of NLR levels for CCS above 100 (area
under the ROC curve 0.81)

During their evolution, many atherosclerotic plaques develop regions of calcification.

It is known that the presence of coronary calcium is strongly associated with adverse events in

all populations. An important question is whether these events result from the progression of
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the calcific plaque itself or whether calcium functions only as a risk marker. Therefore, it is of
paramount importance to know if the presence of coronary calcium indicates stability or
instability of the atherosclerotic plaque. Studies with intracoronary ultrasound (IVUS) have
associated spotty calcification with greater progression of plaque volume, whereas heavily
calcified plaques have demonstrated resistance to volume change®%3!,

In an elegant autopsy study, unstable plaques (vulnerable and ruptured ones) showed
a significantly lower degree of calcification compared to stable plaques. It was demonstrated
also an inverse correlation between extension of calcification and degree of cap inflammation,
which is considered the most important histological marker of coronary plaque instability®2. In
the MESA study, calcium volume was associated with higher cardiovascular risk, although for
any level of calcium volume, calcium density was inversely proportional to the risk of events®3.
These data are in line with recent meta-analysis results in which the use of statins increased
calcium density, as measured by virtual histology and intracoronary ultrasound*. It is possible
that the effect of plaque stabilization by statins might be partially explained by enhancement
of calcification in plaque necrotic core, although the basic mechanism is still unclear. Coronary
calcification, although able to identify patients who are at higher risk of cardiac events, should
not be considered as a plaque vulnerability factor itself.

In our study, we demonstrated an association between CCS and the inflammatory
marker NLR in patients with known coronary disease and intermediate stenosis. This
association is possibly a reflection of the greater vulnerability and overall cardiovascular risk
of each patient. For a better understanding of the relationship between plaque content,
inflammation and cardiovascular events, the acquisition of images with higher resolution and
the potential to discriminate microcalcifications and the patterns of calcification at an earlier

stage can improve the understanding of atherosclerotic disease.

71



Although the NLR has been proposed as a useful index to predict cardiovascular
events in patients with acute coronary syndrome, as well as a calcium load marker in healthy
individuals, the correlation between NLR and CCS exclusively in patients with coronary artery
disease with moderate stenosis had not yet been demonstrated.

Thus, it is possible to think that patients with moderate coronary stenosis with
predictors of increased cardiovascular risk (CCS and/or NLR) should be submitted to more
aggressive anti-atherosclerotic therapy and monitoring.

In our analysis, some limitations deserve to be highlighted. First, it was conducted in
a single center with a limited number of patients. Second, we aimed to include only patients
with moderate coronary stenosis, and we had to exclude those with severe stenosis and an
indication for revascularization. It had a cross-sectional design, therefore, it needs all the
caution inherent in this type of study, not being able to make causal associations. Third, only
1 measurement of WBC count and calculation of NLR was included in the analysis, and it was
not possible to determine whether an acute and brief inflammation was responsible for the
correlation observed. Finally, we observed the presence of an outlier in our sample. After its
exclusion, probably due to the small number of patients included, we observed that the
correlation between NLR and CCS is no longer significant, although it remains with the same
trend.

In the present study, we demonstrated a positive correlation between CCS and the
inflammatory marker NLR in patients with known coronary disease and intermediate stenosis.
This finding might be an indirect and non-invasive marker of severity of disease in an early
stage. A low value of NLR has an excellent negative predictive value for high CCS. Although
larger and better-designed studies are needed to better understand these findings, as well as
more refined non-invasive techniques for assessing the composition of the atherosclerotic

plaque.
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Table 1: Patient Characteristics. Values are expressed in percentages (%), mean (+ standard
deviation) or median (interquartile range;maximum value). BMI: Body-Mass Index; MI:
Myocardial Infarction; PCI: Percutaneous Coronary Intervention; ACE: Angiotensin
Converting Enzyme; ARA: Angiotensin Receptor Antagonist; LAD: Left Anterior
Descendent; RCA: Right Coronary Artery; FFR: Fractional Flow Reserve. CCS: coronary
calcium score.

All (n=27) Low CCS (<100)  High CCS (>100) p-value
(n=12) (n=15)
Age (years) 59.9 (#9) 56.5(5) 62.6(8.9) 0.08
Male Sex 13 (48.1) 5(41.7) 8(53.3) 0.70
Hypertension 22 (81.5) 9 (75.0) 13 (86.7) 0.62
Diabetes 11 (40.7) 3(25.0) 8(53.3) 0.23
Insulin 6(22.2) 1(8.3) 5(33.3) 0.18
BMI (Kg/m?) 30.3 (£5.6) 29.4(5.8) 31.1(5.5) 0.46
Family History 14 (51.9) 6(12) 8(53.3) 0.35
Smoking 15 (55.5) 7(8.3) 8(53.4) 0.79
Dyslipidemia 21 (77.8) 10(83.3) 11 (73.3) 0.28
Previous MI 13 (48.1) 5(41.7) 8(53.3) 0.70
Previous PCI 12 (44.4) 5(41.7) 7 (46.7) 0.79
HF NYHA>1 11 (40.7) 5(41.7) 6(40.0) 0.93
Angina>1 7(25.9) 3(25.0) 4(26.7) 0.92
Statin 25(92.6) 12(100) 13(86.7) 0.48
ACE inhibitor 14 (51.9) 5(41.7) 9(60.0) 0.44
ARA 11 11 (40.7) 6(50.0) 5(33.3) 0.45
Beta-blocker 15 (58.3) 7(58.3) 8(53.3) 0.79
Diuretic 17 (63.0) 7(58.3) 10 (66.7) 0.70
Calcium Antagonist 8 (29.6) 4(33.3) 4(26.7) 0.70
LAD 16 (69.3) 5(41.7) 11 (73.3) 0.13
Circumflex 2(7.4) 1(8.3) 1(16.7) 0.89
RCA 8(29.6) 5(41.7) 3(20.0) 0.39
FFR <0.8 8(29.6) 4(33.3) 4(26.7) 0.70
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Total CCS
Neutrophil
Lymphocyte
NLR

209 (35-667; 3245)
3.65(3.4-5.2; 11.1)
2.07 (1.5-2.4; 3.25)
1.7 (1.6-2.6; 11.2)

18(1.5-54)

3.7(3.2-5.7)
2.9(2.2-3.2)
1.4(1.2-1.7)

477(211-1637)
3.6(3.4-6.4)
1.9(1.4-2.9)
2.2(1.7-3.2)

>0.001
1.00
0.005
0.03
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Figure 1 — NLR median comparisson between high and low CCS.

NLR median comparisson

151
]
104
5.
—_ I
0

High CCS LowCCS

81



Figure 2 Spearman correlation between neutrophil to lymphocyte ratio (NLR) and
total Coronary Calcium Score (CCS).
Spearman's coefficient= 0.520 p=0.02
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Figure 3 Spearman correlation between neutrophil to lymphocyte ratio (NLR) and

coronary fractional flow reserve (FFR)
Spearman's coefficient = -0.484 p=0.03.
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Figure 4 — Area under the ROC curve (AUC) for prediction of high CCS.
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ANEXOS I Ficha de registro e seguimento clinico TCC-P vs. FFR

Ficha de registro e seguimento clinico TCC-P vs. FFR Ne
Nome: Registro:
Sexo: (M) (F) Raca: (B) (N) (M) (O) (I) Idade: anos D. N.:
Endereco:

Cidade CEP
Fone: ( ) ) Contato/Recados/Trabalho/Obs.:

Critérios de inclusdo (precisa ter todos):

g ) Encaminhado para CAT eletiva
) Idade entre 35 — 70 anos

Critérios de exclusio (ndo pode ter nenhum):
() Cointraindicagdo a TC (ex alergia a contraste)
() Contraindicacido ao uso de adenosina

() Pelo menos 1 lesdo moderada na angiografia
() Concorda em participar/assina o TC

( ) Angina instavel

() ACTP nos ultimos 6 meses

() CRM prévia

() Fragao de ejecdo < 30%

() Fibrilacdo Atrial

() Historia de perda grave de fungdo renal

() BAV tipo I
Peso: kg
/ Checklist: \ Altura: m
() Convidado por: Cintura: cm
() TCLE assinado Quadril: cm
() Questionarios Sono
() Exames laboratoriais Laboratério pré-ICP:
() Amostra sangue congelada Ht:
( ) Agend. ICP: Realizada ()
( ) Agend. LTA: Realizada () Hb:
( ) Agend. PSG-P: Realizada () Leuc:
( ) Contato 30 d: Realizado ()
( ) Contato 6 m: Realizado () Neutr:
\ ( ) Contato 12 m: Realizadoy Plaq:
Caracteristicas Demograficas / Histdria clinica: VPM:
HAS (5) () (n5)  Anos: Creat:
DM (s) (n) (ns) Anos: Insulina: (s) (n) (ns) )
Hist. Fam. () (1) (29 Glicem
Tabagismo atual () (n) HbAIC:
Tabagismo passado () (n) Ex-tab: () I-6m ( ) 6-12m
()>12m Col Tot:
Dislipidemia () (1) (19) Col HDL:
IAM prévio (s) () (n9) ha( )1-6m ( )6-12m ( )>12m
ICP prévia () (1) (%) ha( )1-6m ( )6-12m ( )>12m Triglic:
CRM prévia (s) () (n9) ha( )1-6m ( )6-12m ( )>12m FE:
IC NYHA O (HII (Or ()
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Angina ECC

Farmacos
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Marcadores Inflamatorios:

NLR coletado:
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) IECA:
) ARAII:

(
(
() Betabloq:
(
(
(

) Diurético:
) Antag Ca:
) Antiulcer:

()sinva ( )prava ( )lova ( )atorva ( )rosuva ( )outra
() enala ( )capto ( )lisino ( ) outro

() losart ( ) valsar ( )candes ( ) outro

() propran () atenol ( ) outro

()HCTZ () clortalid ( ) furosem ( ) outro

( ) nifedip ( ) anlodip ( )verapam ( ) diltiaz ( ) outro
() omepra ( ) pantopra ( ) outro

Cateterismo Cardiaco (CAT) + FFR

Data:

Descri¢ao dos principais achados:

Tomografia Computadorizada com perfusao (TCC-P)

Data:

Descricao dos principais achados:

Escore de Calcio Coronariano (ECC):
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ANEXO II TCLE - AUTORIZACAO PARA PARTICIPAR DE UM
PROJETO DE PESQUISA

ESTUDO: ACURACIA DIAGNOSTICA DA TOMOGRAFIA CORONARIANA COM PERFUSAO EM LESOES
CORONARIANAS MODERADAS

O senhor (a) esta sendo convidado a participar de um protocolo de pesquisa. Este protocolo tem como
objetivo obter maior conhecimento a respeito do diagnéstico da doenca arterial coronariana. O motivo
de estar sendo convidado é que seu cateterismo cardiaco demonstrou uma obstrucdo moderada de uma
artéria do coracdo. Para saber se esta obstrucdo é grave, é necessario a realizacdo de um exame chamado
FFR (do inglés “Fractional Flow Reserve”) durante o préprio cateterismo cardiaco. Também serad realizada
Tomografia Computadorizada do coragdo com o mesmo objetivo - avaliar se a obstrugdo é grave. O
objetivo desta pesquisa é saber se a Tomografia Computadorizada é um exame tdo bom quanto o FFR

para identificar obstrucdes graves.

1. EXPLICACAO DOS PROCEDIMENTOS
ApOs a assinatura deste termo, o Sr.(a) respondera um questionario contendo informacdes sobre seu
estado de saude atual, sintomas que o motivaram procurar atendimento, e sua histéria de doencas
passadas. Dados de exames e procedimentos realizados durante a sua internacdo serdo coletados de seu
prontuario. Apds o seu cateterismo cardiaco, o(a) senhor(a) comparecera ao Hospital de Clinicas de Porto
Alegre para realizagdo de uma Tomografia Computadorizada, no qual sera avaliada anatomia e perfusdo
de suas artérias coronarias. A seguir, no intervalo de 1-2 semanas o(a) senhor(a) retornara a unidade de
hemodindmica para avaliacdo da lesdo moderada com FFR. Em caso de esta obstrucdo mostrar-se grave,

serd realizada angioplastia com stent no mesmo momento para tratamento.

2. BENEFICIOS DESSE ESTUDO
N3do é esperado nenhum beneficio direto ao paciente, pois ndo serd realizado nenhum tratamento
adicional. Contudo, esperamos um beneficio para todos os pacientes com doenca arterial coronariana,
pois com a conclusdo deste trabalho poderemos avaliar melhor os métodos diagndsticos desta doenca.
Sua participagdo é voluntaria, ndo havendo qualquer 6nus ou gratificagdes referentes a sua participagdo

no estudo.

3. RISCOS DESTE ESTUDO
Os principais riscos da Tomografia Computadorizada sdo relacionados ao contraste utilizado durante o
exame, podendo causar reagdo alérgica grave e perda de fungdo renal, e a radiagdo liberada pelo exame.
A radiacdo liberada pela Tomografia Computadorizada equivale a radiacdo liberada por 100 radiografias

comuns de torax. Doses cumulativas de radiagdo podem levar ao desenvolvimento de alguns tipos de

&7



neoplasias e complicagdes locais. Em relacdo ao FFR, este procedimento apresenta pequeno risco

adicional em relacdo ao cateterismo cardiaco, relacionados a manipulagdo das artérias do coracdo.

4. DIREITO DE DESISTENCIA
O Sr. (a) podera desistir de participar do estudo a qualquer momento. Sua decisdo de ndo participar ndo

afetara o seu atendimento no Hospital nem trara prejuizos ao senhor (a).

5. SIGILO
Todas as informacdes obtidas através deste estudo podem ser publicadas com finalidade cientifica. Sera

utilizado um numero Unico para identificagdo de cada paciente, mantendo-se o sigilo pessoal.

6. CONSENTIMENTO
Declaro ter lido (ou foram lidas) e entendido as informagdes acima antes de assinar esse formulario. Foi-
me dada oportunidade de fazer perguntas, esclarecendo minhas duvidas. Por este instrumento, tomo

parte no presente estudo.

7. CONSIDERACOES FINAIS
O Comité de Etica em Pesquisa podera ser contatado para esclarecimento de duvidas, através do
telefone 33597640, das 8h as 17h, de segunda a sexta-feira;
Todas as duvidas poderdo ser esclarecidas antes e durante o curso da pesquisa, através de contato com

o pesquisador responsavel, conforme contato abaixo.

Pesquisadores responsaveis:

Luiz Carlos Corsetti Bergoli - Médico Cardiologista contratado do Hospital de Clinicas de Porto Alegre
Marco Vugman Wainstein — Professor da Faculdade de Medicina da Universidade Federal do Rio Grande
do Sul

Contato: fone:51-33598342 Unidade Hemodinamica (sala 2059)

Rua Ramiro Barcelos 2350, CEP 90035-903, Porto Alegre-RS
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ABSTRACT

Coronary computed tomography with myocardial perfusion imaging (CCTA-MPI)
provides data on coronary anatomy and perfusion, and may be useful in the assessment
of ischemic coronary artery disease (CAD). Management of angiographically
intermediate coronary lesions is challenging, and coronary fractional flow reserve (FFR)
evaluation is recommended to assess whether these lesions are functionally significant.
Our aim was to evaluate the diagnostic accuracy of CCTA-MPI in patients with stable
CAD and at least one angiographically intermediate coronary lesion submitted to FFR.In
this single center prospective study, patients with stable CAD and at least one moderate
coronary stenosis (50 to 70% by visual estimation) were referred for CCTA-MPI (64-row
multidetector) assessment before coronary FFR evaluation. Patients with severe coronary
obstructions (>70%) were excluded. The significance level adopted for all tests was 5%.
Twenty-eight patients (mean age 60 = SD years, 54% women) with 33 intermediate
coronary obstructions were enrolled. Ten patients (30%) had functionally significant
coronary obstructions characterized by FFR <0.8. The sensitivity, specificity and
accuracy of CCTA-MPI for the detection of functionally significant coronary obstructions
were 30%, 100% and 78.8%, respectively. CCTA-MPI positive predictive value (PPV)
was 100%, while negative predictive value (NPV) was 76.7%. Correlation coefficient
between tests was 0.48 (p=0.005). On a novel approach to evaluate intermediate coronary
lesions, accuracy of CCTA-MPI was 78.8%. The PPV of an abnormal CCTA-MPI on this
population was 100%. suggesting that CCTA-MPI may have a role in the assessment of

patients with anatomically identified intermediate coronary lesions.

KEYWORDS: Stable coronary artery disease; Fractional Flow reserve; Computed

tomography; Myocardial perfusion imaging.



INTRODUCTION

Management of angiographically intermediate coronary lesions is challenging,
and coronary fractional flow reserve (FFR) evaluation is recommended to assess whether
these lesions are functionally significant. Although coronary stenosis above 70% are
considered severe, approximately one-third of angiographically significant lesions are not
functionally significant, defined by an FFR of 0.80 or lower. On the other hand, in
individuals with angiographically moderate lesions (stenosis of 50 to 70%),
approximately one-third will have functionally significant coronary artery disease (CAD)
12

Coronary computed tomography (CCTA) has been consolidated as a powerful
tool for the evaluation of patients with suspected CAD. CCTA has a high negative
predictive value for the presence of significant coronary stenosis; however, specificity
and positive predictive value are lower, particularly when evaluating moderate degrees
of luminal stenosis®. In recent years, CCTA with myocardial perfusion imaging (MPI)
has been uprising as an interesting non-invasive modality to detect coronary perfusion
defects related to atherosclerotic coronary disease*, which may increase the diagnostic
accuracy of CCTA alone. From a clinical point of view, it is essential to identify
hemodynamically significant stenosis, since its treatment reduces outcomes®®. CCTA-
MPI can provide information about anatomy and coronary perfusion in a single
examination, potentially providing both a therapeutic strategy decision and prognostic
information.

Previous studies have compared CCTA-MPI with coronary angiography and
showed promising results, although all presented different methodologies and selected
patients with severe CAD’®. More recently CCTA-MPI has been evaluated in
functionally significant lesions defined by FFR, showing reasonable diagnostic

10-12 "Our aim was to evaluate the diagnostic accuracy of CCTA-MPI in patients

accuracy
with stable CAD and intermediate coronary stenosis, using as reference FFR

measurement.

METHODS



Study protocol

This was a prospective cohort study conducted in a single center at a tertiary
University Hospital. All patients signed informed consent form before entering the study.
The protocol of this study and other relevant documents conforms to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a priori approval by the Institutional
Research and Ethics Committee. Patients referred to elective cardiac catheterization were
eligible if they had at least one visually estimated moderate lesion (50-70% stenosis).
Patients with severe coronary lesions (>70%) were excluded.

Patients were referred to CCTA-MPI within a maximum of two weeks of their
first coronary angiography, followed by another coronary angiography performed in two
weeks in order to perform FFR in moderate lesion(s). FFR evaluation was not executed
in the initial coronary angiography due to local health system restrictions in requesting
FFR guidewires. If FFR was positive, coronary angioplasty was performed. Exclusion
criteria were contraindication to CCTA or dipyridamole (high-grade atrioventricular
block, history of bronchospasm), acute coronary syndromes, percutaneous coronary
angioplasty in the last six months, previous coronary artery bypass surgery, ejection

fraction <30%, atrial fibrillation, increased serum creatinine than 1.5 mg/dL.
g

Coronary computed tomography

Prior to CCTA-MPI, all patients were instructed to have a diet free of caffeine 24
hours before examination. CCTA and CCTA-MPI were performed by an experienced
radiologist blinded to coronary angiography and FFR using a 64-row multidetector
apparatus, which enabled the reconstruction of 128 slices per gantry rotation (Aquilion
CX, Toshiba Medical Systems, Ottawara / Japan). Antianginal drugs (except beta-blocker)
were discontinued 48 hours before the test.

CCTA-MPI was performed after infusion of dipyridamole 0,56 mg/kg for 4
minutes using electrocardiographic (ECG) synchronization, 0.5 mm / 64 collimation,
pitch adapted to heart rate, 100 Kvp tube voltage, 300 mA tube current and craniocaudal
direction of acquisition[8]. During dipyridamole infusion, heart rate, blood pressure and
symptoms were monitored continuously. At the time of peak stress, between 4-6
minutes after dipyridamole infusion, 60 ml iodinated contrast (370 mgl/mL) was infused
at 4.0 mL/sec followed by a 70 mL saline flush. The single helical data acquisition of
CCTA-MPI during first-pass enhancement was initiated immediately after visualization

of the contrast bolus to reach the left atrium. Immediately after CCTA-MPI, all patients



received IV aminophylline (120 mg) to revert dipyridamole effects.

CCTA was performed up to 1 hour after stress CCTA-MPI (see Text,
Supplemental Digital Content 1). Oral and/or intravenous metoprolol was given in order
to achieve a resting heart rate of <60 bpm. In addition, patients without contraindications
received sublingual nitrate 1-2 minutes after contrast injection.

The dose-length product of CCTA and of CCTA-MPI were recorded to estimate the
radiation dose of each procedure and a conversion factor of 0.014 were used to estimate

the effective dose.

Coronary computed tomography: Image analysis

The standard 17-segment American College of Cardiology / American Heart
Association'? was used to identify perfusion defects. Data from CCTA-MPI was assessed
using 8 mm multiplanar reformations in the left ventricular (LV) short axis and LV
longitudinal axes (2- and 4-chamber). Thicker slices were used to improve resolution for
myocardial perfusion analysis (8§ mm-thick multiplanar reformatted images), and specific
windowing (350 HU amplitude and 150 HU center) was used. Initial assessment of
perfusion defects was initiated in the diastolic phase, and for potential reading of artifacts
the systolic phase was used for confirmation of perfusion defects. True perfusion defects
were defined as subendocardial hypoattenuation involving at least 25% of the transmural
extension, present in different phases of the cardiac cycle and within a specific coronary
territory (correlation between myocardial territories and corresponding coronary artery
was performed according to Cerci et al'*. Two fellowship trained cardiac radiologists
performed analysis of the gross angiographic data. They were blinded for the
conventional coronary angiography and for the FFR results. Stenosis was graded in
minimal (0% to 25%), mild (25% to 50%), moderate (50% to 70%) and severe (> 70%).

Disagreements were resolved by consensus.

Coronary Angiography and Fractional Flow Reserve

Coronary angiography was performed as standard procedure with femoral or
radial access using 6F guiding catheter. Operators were blinded to CCTA-MPI results.
Each coronary segment was evaluated both visually and through quantitative coronary
angiography (QCA) to determine the degree of luminal stenosis. QCA was done only for
the initial angiogram and considered positive if >50. FFR was performed in all lesions

with 50-70% visual stenosis using a 0.014-inch guidewire with a pressure sensor at the



tip (Prime Wire Prestige; Volcano, Japan). After placement of the pressure wire distally
to the target lesion, a continuous intravenous infusion of adenosine at a rate of 0.14
mg/kg/min was initiated. FFR is a ratio between mean coronary pressure measured distal
to the stenosis and mean proximal pressure measured by the guiding catheter. If within 3

minutes the FFR was 0.80 or less, the stenosis was considered hemodynamically relevant.

Statistical Analysis

Continuous variables were expressed as mean (+ standard deviation) or median
(interquartile range [IQR]) based on the presence of symmetrical and asymmetrical
distribution, respectively. The normality of the distribution of each variable was assessed
by the Shapiro-Wilk test. Categorical variables were represented by their relative and
absolute frequencies. All hypothesis tests had a two-sided significance level of 0.05. Due
to the scarcity of similar studies, the sample size was for convenience. Sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) were
calculated to predict the ability of CCTA-MPI to identify myocardial ischemia defined as
FFR <0.8 and QCA> 0.5. Kappa (k) statistic values were used to assess the concordance
between CCTA-MPI and FFR. Statistical analyses were performed using SPSS version
18.0 (SPSS Inc., Chicago, Illinois).

RESULTS

From 31 initially enrolled patients, 28 completed both CT scan and FFR
measurement. Three patients were excluded due to technical failure to perform FFR. Five
patients had two intermediate coronary lesions; therefore 33 intermediate coronary
obstructions formed our study cohort. Mean age was 60 + 9 years, and 54% of the patients
were women. Patient characteristics are summarized in Table 1.

Coronary computed tomography and CCTA-MPI median exposure to radiation
was 7.17 [IQR 4.48 - 10.07] mSv and 5.8 [IQR 3.99 -7.91] mSv, respectively, and mean
contrast volume was 100 (x17) ml. CCTA detected the “target vessel” stenosis in 42% of
cases, and artifacts such as calcification and stent previously implanted were seen in 40%.
Perfusion abnormalities in CCTA-MPI were detected in 3 (9%) of patients, and all of
them were in left anterior descending coronary (LAD) artery (Figure 1).

Fractional flow reserve median exposure to radiation was 3.47 [IQR 1.70 -5.34]



mSv, and mean contrast volume was 70 (£34) ml. Mean coronary stenosis evaluated by
QCA was 47% (£7, minimum 36%, maximum 62%), and 71% of the lesions were in LAD.
Ten patients (30%) had functionally significant coronary obstructions characterized by
FFR <0.8. The sensitivity, specificity and accuracy of CCTA-MPI for the detection of
functionally significant coronary obstructions were 30%, 100% and 78.8%, respectively.
CCTA-MPI positive predictive value (PPV) was 100%, while negative predictive value
(NPV) was 76.7% (Table 2) When compared to QCA, the sensitivity, specificity,
accuracy, PPV and NPV of CCTA-MPI were 90%, 7.69% 57.58%, 60% and 33.33%,
respectively. Kappa concordance correlation coefficientt between tests CCTA-MPI and

FFR was 0.37 (p=0.006).

DISCUSSION

In a study of patients with moderate coronary lesions detected by coronary
angiography, computed tomography with myocardial perfusion imaging had high
specificity to detect significant coronary lesions evaluated by fractional flow reserve, with
low sensitivity. In our knowledge, this was the first time CCTA-MPI and FFR were
compared exclusively in patients with moderate lesions, and suggests a new pathway
where CCTA-MPI can be performed when coronary anatomy is already known.

An array of myocardial perfusion imaging techniques such as single-photon

emission computed tomography (SPECT), positron emission tomography (PET),
magnetic resonance imaging (MRI) and CCTA can provide reliable information to
determine myocardial ischemia and guide treatment of CAD'>-!7. Of those, PET seems to
have a slightly higher diagnostic accuracy (DA)!8 but is the most expensive method, and
SPECT has the lowest DA probably due to a lower spatial resolution'®. Computed
tomography is widely available with a lower cost, and CCTA-MPI has been extensively
tested showing high concordance with either noninvasive (SPECT and MRI) or invasive
reference (FFR) to detect myocardial ischemia?’. CCTA-MPI improves the specificity of
CCTA alone for detecting functionally significant stenosis as defined by invasive FFR?!,

According to our findings, the high specificity and positive predictive value
(100%) of CCTA-MPI in patients with moderate coronary may permit to renounce a
method with high cost and not absent of risk such as FFR. For example, a positive CCTA-
MPI performed before coronary angiography (instead of SPECT, for example) could be



enough to decide to treat a moderate coronary stenosis without FFR measurement. Our
results are of particular interest in lower income countries where FFR is still not widely
available, or when the operator decides to treat a severe lesion first and opts to clinically
observe the patient, leaving the decision of evaluating a moderate lesion to a second
moment. Considering its low sensitivity, a negative CCTA-MPI test does not preclude
further invasive FFR assessment.

Unlike previous studies evaluating the role of CCTA-MPI to detect functionally
relevant coronary lesions compared to FFR, we evaluated exclusively moderate lesions
in patients with known coronary anatomy. This unique design had two implications: 1)
Sensitivity of CCTA-MPI (30%) was lower than previously described because the lesions
were less severe (average stenosis of 47% by QCA) than previous studies; 2) There was
no role for resting CCTA since coronary anatomy was already known. Previous studies
found that CCTA-MPI improves the specificity of CCTA alone by using the combination
of a>50% stenosis on CCTA and perfusion defect10—12. Knowing that sensitivity of rest
CCTA in our study was 82%, combining CCTA and CCTA-MPI would decrease our
diagnostic accuracy (79% to 69%).

Recent technological developments have unveiled a non-invasive fractional flow
reserve approach using the CCTA dataset which uses computational fluid dynamics to
derive FFR from conventional CCTA images, called FFR-CT. Several studies have
shown very good diagnostic accuracy of FFR-CT in comparison with invasive FFR?2-24
and the PLATFORM trial demonstrated the feasibility, safety profile and 1-year outcomes
of using this technology in patients with new onset chest pain?>?°. Previous studies
compared the individual and combined accuracy of dynamic CCTA-MPI and FFR-CT
for the identification of functionally relevant coronary artery disease and showed
comparable accuracy between both modalities?’%°. Although CCTA-MPI and FFR-CT
detect myocardial ischemia using different approaches and may be even complementary,
a strategy using FFR-CT could obviate the need for CCTA-MPI, particularly because it
does not require additional imaging nor administration of vasodilator agents. However,
the majority of trials that evaluated the diagnostic performance of FFR-CT used an off-
site remote service to analyse CCTA images and provide the FFR-CT values. Site-
specific or vendor-provided equivalent FFR-CT solutions will have to be validated to
cope with the expected increase in demand of this approach in the years to come. CCTA-
MPI is less expensive and time-consuming, and potentially more easily integrated in

clinical workflow.



Our study has limitations. First, this was a single-center experience with 28
patients, and these findings need to be confirmed in larger studies. We have included a
selected group of symptomatic patients who were considered for revascularization, and
the reported accuracy of CCTA-MPI should be interpreted within this context.
Nevertheless, this is the typical patient population to be referred for FFR. Second, the 64-
row CT used in this study may be considered outdated compared to modern 320-row CTs.
Yet this may be a conservative bias, since modern CTs have better spatial resolution and
may have even better diagnostic accuracy in this context. Myocardial perfusion defects
were assessed by visual analysis (qualitative assessment), a strategy that have been shown
to be achieve similar results when compared to quantitative assessment in both CT.
Local inhomogeneity of myocardial attenuation due to beam hardening may have
decreased the accuracy of CT MPI in the present study. Nonetheless, strategies to identify
a true perfusion defect from artefacts using visual analysis can attenuate this limitation
and reduce false positive findings®!. Finally, the strategy to perform CCTA-MPI first in
relation to CCTA was chosen to prioritize the MPI component of the study, since coronary
anatomy was not the main target of the study. Although this particular approach may not
the most straightforward strategy in clinical practice, since an MPI study would be
required only after a non-diagnostic CCTA, the detection of myocardial ischemia is

optimized by not having contamination of iodinated contrast from a prior CCTA study.

CONSLUSIONS

In conclusion, computed tomography myocardial perfusion imaging has an
excellent specificity and positive predictive value to detect hemodynamically significant
moderate coronary lesions evaluated by fractional flow reserve. In case our findings are
replicated in larger studies, CCTA-MPI may potentially become a useful tool in the

assessment of patients with intermediate coronary obstructions.
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Figure 1 (A-F): Stress (A, C) and rest (B, D) myocardial perfusion computed tomography
images in the short axis (A, B) and vertical long axis (C, D) of the left ventricle showing
a subendocardial stress-induced perfusion defect in the anterior wall (arrows in A and C).
Coronary angiography in left anterior oblique cranial projection (E) demonstrating a
moderate stenosis (QCA 40%) in the left anterior descending artery (arrow in E).
Fractional flow reserve tracing corresponding to the left anterior descending artery

moderate lesion (F).
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