Capitulo 4.
Doenc¢a coronaria nao obstrutiva - identificaciao por angio TC

cardiaca

RESUMO:

Neste capitulo é descrita a capacidade da angio TC cardiaca identificar a presenga da doen¢a coronaria ndo obstrutiva,
caracteristica impar entre os varios exames de diagndstico ndo invasivos em cardiologia. O desempenho da angio TC na
identificagdo da placa aterosclerética é comparado com o dos métodos de imagem intracoronaria.

Neste capitulo é feita ainda uma revisdo dos diferentes marcadores de aterosclerose subclinica e das actuais limitagdes ao
uso da angio TC com este objectivo.

Foram incluidos neste capitulo dois artigos: O artigo 11 discute, a propdsito de um caso clinico, o contraste entre a carga
aterosclerédtica documentada por angio TC e o risco cardiovascular; o artigo 12 é um artigo original em que foi avaliada a

prevaléncia e os preditores de doenga coronaria na auséncia de calcificagdo coronaria.

ABSTRACT:

In this chapter, the evaluation of nonobstructive coronary artery disease by cardiac CT is described, a unique feature
among noninvasive diagnostic tests in cardiology. The performance of cardiac CT is compared to other invasive imaging
modalities used for the identification of the atherosclerotic plaque. It is also provided in this chapter a review on the
subclinical atherosclerosis markers and the present limitation on the use of cardiac CT for this indication.

Included in this chapter are two manuscripts: Manuscript 11 is a case report related to which the contrast between
cardiovascular risk and coronary atherosclerotic burden in discussed; manuscript 12 is an original paper describing the

prevalence and predictors of coronary artery disease in patients with a calcium score of zero.

ARTIGO 11/ MANUSCRIPT 11:
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4.1 INTRODUGAO

Existem importantes limita¢des a capacidade de identificar clinicamente os individuos em risco
de eventos cardiacos e, em nimeros absolutos, a grande maioria dos individuos que sofrem um
EAM seriam considerados previamente de baixo risco (1, 2). Este dado epidemiolégico espelha a
discrepancia entre o risco relativo (ou seja, individuos com scores de risco mais altos tem taxas
de eventos mais altas) e os niimeros em absoluto (na populagdo geral existem muito mais
individuos em patamares de risco mais baixos) justificando assim que a grande maioria dos
eventos ocorram em individuos que ndo se qualificariam previamente para medidas de
prevencao mais agressivas (3). Esta discrepancia entre o risco individual e o risco populacional,
por um lado, e a auséncia prévia de sintomas e a dramatica forma de apresentacdo clinica
inaugural da DC - EAM e morte subita numa larga fatia de doentes - por outro, fornecem o
racional para o uso de marcadores de aterosclerose subclinica.

Por outro lado, muitas das lesdes que estdo na origem de eventos coronarios agudos ndo
condicionam estenoses significativas (4-9), tornando dificil a sua identificagdo com os habituais
métodos de diagnéstico baseados na deteccdo de isquémia. O facto de lesdes ndo obstrutivas
estarem frequentemente na origem de SCA resulta do facto de estas serem muito mais
prevalentes, apesar de se reconhecer que o risco individual por placa ser superior para as lesdes
obstrutivas (4, 10) . Assim, as modalidades de imagem néo invasivas que fornecam informacao
acerca da totalidade da carga aterosclerdtica (obstrutiva e ndo obstrutiva) tém um elevado

potencial na estratificacdo do risco de eventos cardiacos.

4.2 MARCADORES DE ATEROSCLEROSE SUBCLINICA.

Os marcadores de aterosclerose subclinica ao permitirem identificar a presenca de doen¢a numa
fase precoce, poderdo categorizar um individuo em particular num patamar de risco mais
elevado. Os dois principais marcadores de aterosclerose subclinica sdo a espessura intima-média
carotidea e o score de calcio das corondrias, apresentando este ultimo uma clara superioridade
em nivel de evidencia cientifica gerada nos ultimos anos (11-13), que é mais modesta para a
espessura intima-média carotidea (14-16).

Uma vez que a calcificacdo corondria ocorre quase em exclusividade em placas ateroscleroéticas, a
quantificacdo do calcio nas artérias coronarias fornece uma estimativa da carga aterosclerética
global (17, 18) tendo sido ja demonstrado em varios estudos clinicos que o score de calcio é um
bom preditor de eventos CV (19). Por outro lado, a auséncia de calcio nas corondrias, embora ndo
exclua totalmente a presenca de DC (podem existir placas ateroscleréticas nao calcificadas),
associa-se a um excelente prognoéstico CV a longo prazo e tem uma elevada sensibilidade e

especificidade para excluir a presenc¢a de DC obstrutiva (20, 21). Numa analise de 3012 doentes
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que realizaram score de calcio seguido de angioTC cardiaca, a auséncia de calcio nas artérias
corondrias (n=864 doentes) associou-se a uma taxa de placas na arvore coronaria na angioTC de
apenas 12,4%, das quais apenas uma minoria condicionava estenose significativa (estenoses
>50% em 1,6% dos doentes com CaSc=0) (21).

Recentemente, foi comparado o poder discriminativo do score de cdlcio com o de outros
marcadores de aterosclerose subclinica numa larga populagdo de doentes incluidos no estudo
MESA (Multi-Ethnic Study of Atherosclerosis)(13) . Quando comparado com outros marcadores de
risco (como a proteina C-reactiva ou o indice calcanhar-brago) e mesmo com a espessura intima-
média carotidea, o score de calcio demonstrou ter o maior poder discriminativo um desempenho
superior na reclassificagdo do risco CV de individuos que estariam a partida num grupo de risco

intermediario.

Um aspecto importante nos marcadores de aterosclerose é o facto de eles ndo serem apenas bons
preditores para a ocorréncia do evento CV do seu territério mais especifico, tendo sido ja
demonstrado que a espessura intima-media carétidea é um bom preditor do risco de EAM (22),
assim como o score de calcio é um bom preditor do risco de acidente vascular cerebral (23). Isto
nao é de estranhar uma vez que o processo arteriosclerético é sistémico, partilha os mesmo
factores de risco e com frequéncia coexistem no mesmo individuos manifestagdes em varios
territérios vasculares, como alids ficou elegantemente documentado pelo estudo REACH
(Reduction of Atherothrombosis for Continued Health) (24).

No entanto o score de célcio apresenta também algumas limitagées, nomeadamente a auséncia
de informacdo relativamente ao grau de estenose e assim acerca do potencial impacto funcional
das placas e nao detectar a presenca de placas ndo calcificadas, subvalorizando assim a real
extensdo da aterosclerose corondria.

Assim, no futuro, outros marcadores de aterosclerose subclinica poderdo vir a entrar na pratica
clinica, um dos quais é a angio TC cardiaca, técnica que tem vindo a ganhar uma robustez na
avaliagdo da DC, com a evolugdo técnica na tecnologia multidetectores, conduzindo a melhorias
da resolucao espacial, temporal, bem como uma progressiva redu¢do da dose de radiagdo.

Uma das vantagens da angio TC neste campo reside na sua capacidade de identificar nao sé as
lesdes calcificadas mas também as placas nao calcificadas, dando assim uma informacao mais
completa da carga aterosclerética corondria total pela informagdo acerca do tipo de placa
(calcificada, mista ou ndo calcificada), localizagdo precisa na arvore vascular e grau de estenose
(obstrutiva e nao obstrutiva), informacado esta que pode ser reunida e quantificada em scores de
carga aterosclerdética (ver Capitulo 8).

Tem-se tornado evidente que a DC ndo obstrutiva identificada pela angio TC cardiaca tem um
impacto prognostico adverso e claramente diferente da auséncia de placas na arvore coronaria.
Esta evidéncia tem sido consolidada com o resultado de estudos multicéntricos (25, 26) e
também em estudos do valor prognéstico da angio TC cardiaca a longo prazo (27) (ver Capitulo

9).
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Num estudo realizado em doentes com EAM sem supradesnivelamento do segmento ST, foi
avaliado o valor prognéstico das lesdes ndo obstrutivas, avaliada por angioTC cardiaca (28).
Neste trabalho, a carga de placa ndo calcificada correlacionou-se com a taxa de eventos CV no
seguimento, ndo se tendo verificado o mesmo para a carga de placa calcificada. Este facto
demonstra que mesmo num contexto que ndo o da DC estavel, a identificacdo da DC ndo
obstrutiva poderd fornecer informagao prognoéstica adicional na estratificacdo de risco deste
grupo heterogéneo de doentes (29). Numa meta-andlise englobando varios estudos que
avaliaram o valor prognéstico da angio TC cardiaca, a presen¢a de DC (independente de
condicionar ou ndo estenose significativa) aumentava o risco de eventos CV em 4,5 vezes. Nesse
trabalho, foi ainda feita a estimativa de risco de eventos CV por cada segmento da arvore
corondria com placa, sendo o HR estimado em 1,23 por cada segmento com doencga, o que
significa um aumento de risco de 23% por cada segmento envolvido. Esta avaliacdo foi
independente da presencga de calcificagdo corondria e o risco relativo até foi ligeiramente

superior (HR 1,29) para os segmentos com placa nao calcificada (30).

4.3 IDENTIFICACAO DA PLACA ATEROSCLEROTICA POR ANGIO TC E CORRELACAO COM
METODOS DE IMAGEM INTRAVASCULAR

A identificacdo e caracterizagdo da placa aterosclerética tém sido o alvo de extensa investigacdo
de diferentes modalidades de imagem corondaria invasiva, nomeadamente da ecografia
intravascular (intravascular ultrasound - IVUS), da histologia virtual (IVUS-VH) e da tomografia
de coeréncia 6ptica (optical coherence tomography - OCT). Estas modalidades tém uma elevada
resolu¢do espacial, possibilitando a avaliacdo detalhada das placas ateroscleroéticas, permitindo
assim identificar caracteristicas associadas a sua potencial vulnerabilidade.

No entanto, embora sejam uteis para estudar a fisiopatologia da DC, a sua aplicabilidade esta
limitada por se tratarem de modalidades diagnésticas invasivas. Por outro lado, dado serem
realizadas em doentes referenciados para coronariografia por suspeita de DC e frequentemente
ap6s um SCA, muitos destes doentes ja se qualificam para medidas de prevencao secundaria que
alteram a histéria natural da doenca e reduzem o risco de eventos CV no seguimento (31, 32). No
estudo multicéntrico PROSPECT, foi feita a avaliagdo por IVUS complementada por histologia
virtual, com o objectivo de estudar a histéria natural das lesdes ndo intervencionadas (ndo
culprit). Neste estudo, uma elevada carga de placa (270%), uma baixa area luminal minima
(s4mm2) e a presenca de um fibroateroma com capsula fibrosa fina (Thin-cap fibroatheroma -
TCFA) foram preditores independentes de eventos cardiacos adversos no seguimento. Por outro
lado, as lesdes que estiveram na origem de eventos no seguimento, tinham uma estenose

angiograficamente ndo significativa (estenose média de 32%) na coronariografia basal (32).

141



O estudo PROSPECT foi um marco na investigacdo da histéria natural da DC, mas a sua
aplicabilidade fica limitada pelo tipo de populacdo estudada, que foi incluida na sequéncia de um
SCA e assim ja se qualificaria (independentemente do resultado na avaliacdo por imagem
intravascular) para medidas de prevencdo secunddria. Este facto podera explicar a baixa taxa de
eventos major (morte e EAM) verificados no seguimento e o baixo poder preditivo destas
varidveis mesmo quando associadas, uma vez que mesmo na presen¢a dos 3 preditores
independentes, a probabilidade de um evento foi de apenas 18,2%, sendo na sua grande maioria

novas revasculariza¢des e reinternamentos por angina instavel.

A possibilidade de identificar e caracterizar placas ateroscleréticas na arvore coronaria por angio
TC cardiaca foi ja avaliada em varios estudos, por comparacdao com modalidades de imagem
intravascular (IVUS, IVUS-VH e OCT). Existem habitualmente pequenas diferencas na avaliagdo
da area e volume da placa entre a angio TC e a IVUS, bem como do grau de estenose, com uma
tendéncia para sobrevalorizagdo da area liminal por angio TC. Numa meta-analise recente, foi
demonstrada uma boa acuidade diagnoéstica da angio TC cardiaca para a detecg¢do da presenga de
placas, por comparagdo com a IVUS, com uma &rea abaixo da curva ROC de 0,94, uma
sensibilidade de 90% e uma especificidade de 92%. (33).

Mais importante ainda é o potencial que a angio TC tem de poder identificar caracteristicas nas
placas aterosclerdticas associadas a sua vulnerabilidade. Num estudo de Hoffman e col, as
lesdes culprit de doentes com SCA tinham mais frequentemente remodeling positivo e uma area
de placa superior, por comparagao com individuos com DC estavel (34).

Num trabalho de Motoyama e col, as lesdes culprit de doentes com SCA tinham com maior
frequéncia remodeling positivo, placas com baixa atenuagao (<30 HU) e calcificacdo spotty (35).
Posteriormente, estes mesmos autores, foram avaliar prospectivamente a associagdo destas
caracteristicas identificadas na angio TC, com o desenvolvimento futuro de SCA num estudo que
envolveu 1059 doentes com um seguimento médio de 27 meses. Foi possivel demonstrar que o
remodeling positivo e a presenca de placas com baixa atenuacdo se associavam ao
desenvolvimento subsequente de SCA, que ocorreram em 22,2% dos doentes que apresentavam
simultaneamente estas 2 caracteristicas. Em contrapartida, nos doentes em que apenas se
documentou uma destas caracteristicas, a taxa de SCA foi de 3,7% e nos doentes sem remodeling
positivo nem placas com baixa atenuacdo a incidéncia de SCA foi de apenas 0,5%, validando
assim prospectivamente o conceito de placa vulneravel por angio TC.

A angio TC foi também validada por comparagdo com a tomografia de coeréncia 6ptica (OCT)
(36) e a histologia virtual (IVUS-VH) (37), sendo consistente nos varios trabalhos que as
caracteristicas que marcam as placas potencialmente vulneraveis na angio TC sdo o remodeling
positivo e a baixa atenuacgao.

Mais recentemente foi descrito um sinal de atenuagdo em anel da por¢do ndo calcificada das
placas, tendo sido designado como “napkin ring sign”, tendo esta caracteristica por angio TC sido

associada a placas de maior risco de instabilidade (36, 38, 39).
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No entanto, apesar do elevado potencial da angio TC na caracterizagdo das placas
ateroscleréticas existem presentemente importantes limitagdes a capacidade da angio TC
identificar as placas potencialmente vulneraveis, nomeadamente por limita¢cdes de resolugdo
espacial dos actuais aparelhos, pela influéncia de diferentes protocolos de aquisicdo na
valorizacdo dos valores medidos de atenuagdo nas placas (40, 41) (tornando assim dificil
padronizar um valor para definicdo de placa de baixa densidade, como marcador de
vulnerabilidade) e por fim pela baixa reprodutibilidade inter-observador desta avaliagdo (42,
43).

No futuro, melhorias na resolucdo espacial, maior padronizacdo dos protocolos de aquisicao e
adopgdo de softwares de quantificacdo da carga aterosclerética poderdo contribuir para
melhorar o desempenho da angio TC cardiaca na identificagdo das placas potencialmente

vulneraveis.

4.4 LIMITACOES DA ANGIO TC CARDIACA NA AVALIACAO DA ATEROSCLEROSE
SUBCLINICA

Existem actualmente importantes limitagcdes a utilizagdo da angio TC cardiaca em individuos

assintomaticos com o objectivo de identificar a aterosclerose subclinica, nomeadamente:

1. Trata-se de uma exame actualmente ainda pouco disponivel. Apesar de se ter assistido nos
ultimos anos a uma adopgdo crescente da angio TC cardiaca na pratica clinica, esta tem sido
essencialmente empregue para exclusdo de DC obstrutiva. A avaliagdo e quantificagdo das placas
ndo obstrutivas requer uma elevada qualidade de imagem, que é mais consistente nos aparelhos
de ultima geragdo, com melhor resolucdo espacial, temporal e de cobertura volumétrica, nao

estando estes aparelhos ainda amplamente difundidos.

2. Emprega radiagdo ionizante, com os associados potenciais riscos estocasticos. Nos ultimos
anos tem-se assistido a uma impressionante reducdo na dose de radiacdo, mas esta permanece
ainda como uma importante limitagdo, sobretudo ao se considerar a sua utilizagdo em individuos

mais jovens.
3. Em face da elevada prevaléncia da DC ndo obstrutiva na populagdo em geral, torna-se
necessario desenvolver métodos para quantificar a carga aterosclerética corondria global (scores

- um dos objectivos desta tese e desenvolvido no Capitulo 8)

4. Auséncia de normogramas que permitam enquadrar a carga aterosclerética documentada pela

angio TC cardiaca de acordo com o esperado para a idade e o sexo (a semelhanca do que ja foi
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feito para outros marcadores de aterosclerose subclinica como é o caso do score de calcio) e
assim sejam identificados os individuos cuja carga aterosclerética seja acima do esperado e possa

beneficiar de medidas mais intensivas de prevenc¢io primaria.

5. Ainda ndo existe evidéncia de que a utilizacdo da angio TC com este objectivo possa modificar
favoravelmente o manejo dos doentes e em tultima analise conduzir a uma redug¢io dos eventos

Cv.

Assim, até a presente data, ao contrario do score de calcio, a angio TC cardiaca ndo esta indicada
para a detecgdo de DC subclinica como método para estimar o risco CV (44, 45). No entanto, a
capacidade que a angio TC cardiaca tem de documentar a presenca de DC ndo obstrutiva, mesmo
na auséncia de calcificagdo, a par da impressionante reducio da dose de radiagio ja possivel com
os aparelhos de ultima geracdo (46-48), fazem dela um método de elevado potencial para
avaliacdo da carga aterosclerética corondria global, podendo vir a ter um papel no futuro como

método de avaliacdo da aterosclerose subclinica.
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PALAVRAS-CHAVE Resumo A tomografia computorizada cardiaca (angioTC cardiaca) permite documentar a
Tomografia presenca de doenca coronaria, independentemente do seu grau de estenose. Recentemente,
computorizada foi validado o valor prognostico da doenga coronaria nao obstrutiva documentada por angi-
cardiaca; oTC cardiaca. No entanto, ndo existem ainda recomendacdes claras acerca da abordagem
Doenca coronaria nao destes doentes, nomeadamente sobre o inicio de medidas farmacoldgicas mais agressivas em
obstrutiva; prevencao primaria. A abordagem destes doentes permanece controversa, sobretudo nos casos
Exercicio fisico em que existe uma discrepancia entre o risco cardiovascular e a carga aterosclerotica objetivada
na angioTC.

Os autores descrevem o caso de um doente com discrepancia entre a extensao da ateroscle-
rose coronaria objetivada e a sua estimativa de acordo com os scores de probabilidade pré-teste
e de eventos cardiovasculares. Tratando-se de um individuo com documentacéo de aterosclerose
coronaria acima do esperado - score de calcio superior ao percentil 90 e doenca coronaria nao
obstrutiva na angioTC cardiaca, mas por outro lado, assintomatico e sem fatores de risco nem
antecedentes cardiovasculares, com uma estimativa de risco cardiovascular muito baixa e atleta
de competicdo, torna-se dificil decidir acerca do risco/beneficio de medidas farmacoldgicas de
prevencao primaria.
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Abstract Cardiac computed tomography (CT) documents the presence of coronary artery dise-
ase, regardless of the degree of stenosis. The prognostic value of non-obstructive coronary
artery disease documented by cardiac CT has recently been validated. However, there are
still no clear guidelines on the management of such patients, particularly concerning initiation
of more aggressive pharmacological measures for primary prevention. The approach to these
patients remains controversial, especially in cases in which there is a discrepancy between
cardiovascular risk and the atherosclerotic burden as documented by cardiac CT.

The authors describe the case of a patient with a discrepancy between the extent of
documented coronary atherosclerosis and that estimated according to pretest probability and
cardiovascular risk scores. As this individual had more severe coronary atherosclerosis than
expected (calcium score above the 90th percentile and non-obstructive coronary artery dise-
ase on cardiac CT) but was a competitive athlete and otherwise asymptomatic and without risk
factors or cardiovascular history, with a very low estimated cardiovascular risk, it was difficult
to decide on the risks and benefits of pharmacological primary prevention.
© 2012 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espafna, S.L. All rights

reserved.

Caso clinico

Descreve-se o caso de um homem de 47 anos, sem fatores
de risco cardiovascular ou antecedentes pessoais/familiares
relevantes, desportista de alta competicao, praticante de
Ironman - triatlo de longas distancias composto por natacao
(3800m), ciclismo (180km) e corrida (42,2km). O doente
negava a toma de medicacao regular e o abuso de subs-
tancias aditivas como tabaco, alcool ou estimulantes como
sendo esteroides anabolizantes. Na sequéncia de um quadro
de infecao respiratoria e a pedido do seu médico assistente
(Medicina Geral e Familiar), realizou uma tomografia com-
putorizada (TC) toracica, em que foi relatada como achado
extrapulmonar a presenca de «calcificacdo das artérias
coronarias». Por este motivo, realizou uma angioTC cardiaca
para quantificacdo da calcificacdo coronaria e exclusao da
presenca de doenca coronaria obstrutiva. O score de cal-
cio foi de 226, distribuido por todas as artérias coronarias
epicardicas, com predominio na artéria descendente ante-
rior proximal (Figura 1). De acordo com os normogramas
publicados’, este valor estava muito acima do esperado para
o sexo masculino nesta faixa etdria (superior ao percentil
90). Este valor seria o expectavel (percentil 50) para um
individuo na sexta década de vida.

Na aquisicdo com contraste foi possivel excluir doenca
coronaria obstrutiva. Documentou-se a presenca de placas
mistas, mas predominantemente calcificadas, dispersas por
toda a arvore coronaria, sobretudo no tronco comum e no
segmento proximal da artéria descendente anterior. Foram
evidentes placas com remodelagem positiva (Figuras 2 e 3).

Com o resultado deste exame, o doente recorreu a
consulta de cardiologia. Encontrava-se assintomatico e, ao
exame objetivo, nao apresentava alteracdes relevantes: TA
140/80 mmHg, FC 60 bpm, IMC 23,7 kg/m?; auscultacéo car-
diaca com S1S2 ritmicos, sem sopros e auscultacao pulmonar
com murmurio vesicular mantido, simétrico e sem ruidos
adventicios audiveis; membros sem edemas periféricos, pul-
sos distais palpaveis, amplos e simétricos.

O doente tinha realizado recentemente (ha menos de
6 meses) exames laboratoriais, prova de esforco e ecocar-
diograma, pedidos no ambito de avaliagdo em medicina
do trabalho. Nos exames laboratoriais havia a destacar:
hemoglobina 14,0g/dl, glicemia em jejum 84 mg/dl, coles-
terol total 217 mg/dl, colesterol LDL 116 mg/dl, colesterol
HDL 116 mg/dl e triglicéridos 70mg/dl. A prova de esforco
foi efetuada segundo o protocolo Bruce, teve a duracao
de 21 min, atingiu 19,3 MET, normal evolucdo cronotropica
(101% da FC maxima prevista) e normal evolucdo tensi-
onal (TA basal 130/80mmHg e 200/80 mmHg no pico de
esforco). Nao apresentou queixas durante a realizacdo da
prova, nomeadamente angor, nem ocorreram alteracdes
electrocardiograficas sugestivas de isquemia nem disritmias.
O ecocardiograma revelou alteracdes tipicas de coracdo de
atleta - hipertrofia ventricular esquerda excéntrica ligeira,
sem dilatacdo ventricular, com fracao de ejecao e funcao
diastolica normais, assim como dilatagao auricular esquerda
ligeira (Figura 4).

Pelo célculo de scores de probabilidade de doenca
coronaria, o doente encontra-se numa categoria de
baixa probabilidade, sobretudo atendendo a idade e a
auséncia de sintomas: Score de Diamond-Forrester - baixa
probabilidade; Score de Morise - score 6 (baixa probabili-
dade se <8).

O risco de eventos cardiovasculares estimado foi
igualmente baixo: HeartScore - 1%; Framingham - 4%,
nomeadamente atendendo a idade, a auséncia de fatores
de risco e a um perfil lipidico favoravel.

Apesar de se tratar de um individuo assintomatico e com
baixo risco cardiovascular, pela presenca de doenca ateros-
clerética coronaria na angioTC cardiaca com um score de
calcio elevado, além da manutencdo de medidas preven-
tivas para o controlo dos fatores de risco cardiovascular,
optou-se por iniciar terapéutica farmacoldgica com estatina
(rosuvastatina 5 mg/d). Foi também recomendada a reducéo
da intensidade da pratica desportiva, nomeadamente em
contexto de alta competicao.
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Figura 1
tronco comum; RCA: coronaria direita.

Discussao

O caso apresentado descreve um quadro clinico com
uma importante discrepancia entre a carga aterosclero-
tica coronaria objetivada na angioTC cardiaca e o baixo
risco cardiovascular estimado. Este caso levanta varias
questdes controversas e com resposta ainda inconclusiva,
nomeadamente em relagdo a indicacéo para realizacdo de
angioTC cardiaca e a abordagem de doentes em que se
documenta doenga coronaria nao obstrutiva, sendo repre-
sentativo de um subgrupo de doentes com que cada vez

Score de calcio - distribuicao pelas artérias coronarias epicardicas. Cx: circunflexa; LAD: descendente anterior; LM:

mais somos confrontados e para os quais ainda nao existem
recomendacdes claras.

O primeiro passo a adotar na avaliacao de um doente
com suspeita de doenca coronaria deve ser a avaliacéo cli-
nica exaustiva com o calculo da probabilidade pré-teste para
a presenca de doenca coronaria e a estimativa da ocorrén-
cia de eventos cardiovasculares. Existem inimeros scores
que permitem fazer esta estratificacdo de risco, sendo os
mais usados na determinacdo da probabilidade pré-teste
para a presenca de doenca coronaria o Diamond-Forrester e
0 Morise e na estimativa da probabilidade para a ocorréncia

Figura 2 AngioTC cardiaca: A - placas predominantemente calcificadas dispersas no segmento proximal da artéria descendente
anterior, sem condicionar estenose significativa; B - placa mista, excéntrica, com remodelagem positiva; C e D - artérias circunflexa
e coronaria direita (vaso dominante) com placas mistas minor, sem estenoses significativas.
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Figura 3
esquerda, ndo condicionando estenoses significativas.

de eventos cardiovasculares o HeartScore e o Framingham.
O doente em causa, de acordo com todos estes scores,
encontra-se na categoria de baixa probabilidade de doenca
coronaria e de baixo risco para eventos cardiovasculares.
No caso descrito, o primeiro ponto que importa analisar e
discutir € aindicacdo deste doente para o calculo do score de
calcio e a realizagao de angioTC cardiaca. Nos doentes assin-
tomaticos e com baixo risco cardiovascular nao esta indicada
a avaliacao do score de calcio nem a realizagéo de angioTC
cardiaca. Nas recomendagdes para a avaliagao do risco car-
diovascular em adultos assintomaticos da American Heart
Association, neste contexto, ambos os exames tém classe

Imagens de reconstrucao volumétrica da arvore coronaria demonstrando placas ateroscleroticas dispersas na coronaria

de recomendacao i1, ndo devendo, portanto, ser realizados?.
A maior acessibilidade existente atualmente para o pedido e
a realizacao de exames complementares de diagndstico leva
a que, por vezes, estes sejam realizados de forma indiscri-
minada e sem indicacdo, sendo dificil a interpretacdo dos
seus resultados. No caso descrito, apds a realizacdo destes
exames, o doente passou para um patamar de risco supe-
rior ao indicado pelos scores de avaliacao e de predicao
de risco cardiovascular. Por um lado, o valor do score de
calcio associa-se diretamente a maior mortalidade a longo
prazo?. Por outro lado, além do pior progndstico comprovado
pela presenca de doenca coronaria obstrutiva determinada

Figura 4

Ecocardiograma transtoracico revelando hipertrofia ventricular esquerda excéntrica (A), dilatagéo auricular esquerda

(B), fluxo Doppler transmitral e padréo de enchimento normais (C e D).
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pela angioTC cardiaca, também a presenca de doenga nao
obstrutiva se associa a maior mortalidade, comparativa-
mente aos doentes sem estenoses coronarias. Estes dados
foram comprovados pelo registo multicéntrico CONFIRM,
recentemente publicado, apds a analise de 23 854 doentes*.
Portanto, as alteracdes encontradas neste doente, score de
calcio elevado e placas ndo obstrutivas, terdo impacto nega-
tivo no seu prognéstico.

Com estes dados, surge também a questdo sobre
quais deverdo ser as medidas preventivas a implemen-
tar. A presenca de doenca aterosclerética representa uma
manifestagdo subclinica de doenca coronaria e pode ser
considerada como um qualifier, colocando o doente num
patamar de risco superior, com indicacdo para estratégias
preventivas diferentes dos doentes com o mesmo perfil
de risco, mas sem estas alteracdes®. Independentemente
do perfil lipidico, que neste caso é normal, salientando-se
mesmo o elevado valor do colesterol HDL, comum em
atletas, podera estar indicado o inicio de terapéutica far-
macoldgica com estatina, além das medidas preventivas
comuns de controlo dos fatores de risco cardiovascular®’.
Assim, além do controlo destes fatores de risco através
da manutencao de habitos de vida saudaveis, a estratégia
adotada incluiu o inicio de terapéutica com estatina. Esta
atitude advém da comprovada reducao do grau de estenose
e do volume da placa aterosclerdtica nos doentes medica-
dos com estatina®. Outra classe farmacoldgica com beneficio
comprovado em doentes com doenca coronaria conhecida
s&o os antiagregantes plaquetarios. No entanto, segundo
as recomendacdes da Sociedade Europeia de Cardiologia
para a prevencao da doenca cardiovascular, deverdo ser
apenas prescritos aos doentes com doenga coronaria estabe-
lecida ou risco cardiovascular elevado (HeartScore > 10%)°.
Neste sentido e adicionalmente aos efeitos adversos nao
despreziveis destes farmacos, sobretudo num doente poten-
cialmente exposto a eventuais complicacdes hemorragicas
pelo tipo de desporto que pratica, optou-se pela sua nao
prescricao.

Outro ponto importante é avaliar a indica¢éo para a sus-
penséo ou reducdo do exercicio fisico, nomeadamente em
contexto de alta competicao. O triatlo, segundo a 36.2 Con-
feréncia de Bethesda, é um desporto caracterizado tanto
por uma elevada intensidade dindmica como estatica’. Por
outro lado, o Ironman (triatlo levado ao extremo) correspon-
dera a cargas de intensidade ainda mais elevadas. Segundo
esta conferéncia, os atletas de baixo risco cardiovascular
com doenga coronaria, como o caso do doente apresentado,
podem realizar desporto competitivo de baixa intensidade
dindmica e de baixa/moderada intensidade estatica, mas
deverao evitar provas com intensidade competitiva elevada.
Nas mesmas recomendagdes releva-se também o papel do
score de calcio na avaliacao dos atletas, devendo os cuida-
dos ser acrescidos quando os valores sdo superiores a 100°.
Assim, o doente foi aconselhado a suspender provas de alta
competicdo e a reduzir a intensidade do exercicio efetuado.

Conclusao

A determinacao do risco cardiovascular e da probabilidade
pré-teste constituem o primeiro passo na avaliacdo dos
doentes com suspeita de doenca coronaria. A presenca de

doenca coronaria nao obstrutiva tem impacto prognéstico,
devendo estes doentes, mesmo com risco cardiovascular
baixo, ser alvo de medidas preventivas mais intensas. Con-
tudo, a melhor abordagem a adotar, especialmente iniciar
terapéutica farmacologica, permanece mal definida. Adici-
onalmente, na presenca de doentes que praticam desporto
de alta competicdo, a controvérsia estende-se ao tipo de
recomendacao relativamente a reducao da sua pratica. Pro-
vavelmente, a melhor atitude devera ser a avaliagdo de
cada doente caso a caso, de acordo com o tipo de desporto
efetuado e a intensidade do mesmo.

Responsabilidades éticas
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Associagao Médica Mundial e da Declaracao de Helsinquia.
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Abstract: Aims:
The absence of coronary calcification is associated with an excellent prognosis.
However, a calcium score of zero does not exclude the presence of coronary artery
disease (CAD) or the possibility of future cardiovascular events. Our aim was to study
the prevalence and predictors of coronary artery disease in patients with a calcium
score of zero.

Methods and Results:

Prospective registry of 3012 consecutive patients that performed Cardiac CT (Dual
source CT). Stable patients referred for evaluation of possible CAD that had a calcium
score of zero (n=864) were selected for this analysis. The variables that were
statistically significant were included in a multivariable logistic regression model.

From 864 patients with a calcium score of zero, 107 (12.4%) had coronary plaques on
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the contrast CT (10.8%, n=93 with nonobstructive CAD and 1.6%, n=14 with
obstructive CAD). By logistic regression analysis, the independent predictors of CAD
in this population were age >55 years [OR:1.63 (1.05-2.52)], hypertension [OR:1.64
(1.05-2.56)] and dyslipidemia [OR:1.54 (1.00-2.36)]. In the presence of these 3
variables, the probability of having coronary plaques was 21%.

Conclusions:

The absence of coronary artery calcification does not exclude the presence of coronary
artery disease, but the prevalence of obstructive disease is very low. In this population,
the independent predictors of CAD in the setting of a calcium score of zero were
hypertension, dyslipidemia, and age above 55 years. In the presence of these 3
predictors, the probability of having CAD was almost 2 times higher than in the general
population.
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ABSTRACT

Aims:

W J oUW

10 The absence of coronary calcification is associated with an excellent
prognosis. However, a calcium score of zero does not exclude the presence
15 of coronary artery disease (CAD) or the possibility of future cardiovascular
17 events. Our aim was to study the prevalence and predictors of coronary artery

20 disease in patients with a calcium score of zero.
23 Methods and Results:

26 Prospective registry of 3012 consecutive patients that performed Cardiac CT
29 (Dual source CT). Stable patients referred for evaluation of possible CAD that
31 had a calcium score of zero (n=864) were selected for this analysis. The
34 variables that were statistically significant were included in a multivariable

36 logistic regression model.

From 864 patients with a calcium score of zero, 107 (12.4%) had coronary
42 plaques on the contrast CT (10.8%, n=93 with nonobstructive CAD and 1.6%,
44 n=14 with obstructive CAD). By logistic regression analysis, the independent
47 predictors of CAD in this population were age >55 years [OR:1.63 (1.05-2.52)],
49 hypertension [OR:1.64 (1.05-2.56)] and dyslipidemia [OR:1.54 (1.00-2.36)]. In
the presence of these 3 variables, the probability of having coronary plaques

54 was 21%.
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Conclusions:

The absence of coronary artery calcification does not exclude the presence of
coronary artery disease, but the prevalence of obstructive disease is very low.
In this population, the independent predictors of CAD in the setting of a
calcium score of zero were hypertension, dyslipidemia, and age above 55
years. In the presence of these 3 predictors, the probability of having CAD

was almost 2 times higher than in the general population.

KEYWORDS

Zero calcium score; coronary artery disease; noncalcified plaque.
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INTRODUCTION

Coronary artery disease (CAD) is a major cause of death in developed
countries and it is expected to remain the most important disease in the
upcoming years [1].

Quantification of coronary artery calcium (Calcium scoring — CaSc) can
provide a measure of the atherosclerotic plaque burden, since coronary
arterial calcification occurs almost exclusively in atherosclerotic plaques [2,3].
Also, it has been demonstrated in many large clinical trials, that CaSc is a
strong predictor of cardiovascular events [4,5].

On the other hand, the absence of calcium in the coronary arteries, although it
does not rule out atherosclerotic disease, is consistent with an excellent long-
term prognosis [6] and has a high sensitivity and negative predictive value for
excluding obstructive CAD. This fact prompted some recent guidelines to
suggest that a calcium score of zero might exclude the need for coronary
angiography in symptomatic patients [7]. Nevertheless, in previous studies, a
high variation was reported in the incidence of obstructive CAD in patients
with a CaSc of zero, raging from 3.5 to 32% [8,9,10,11]. For instance, in the
recent CONFIRM registry, it was shown that in patients with a CaSc of zero,
obstructive CAD is possible and is associated with increased cardiovascular
events [12]. The aim of this study was to assess the prevalence and
predictors of coronary artery disease in a population of stable patients

referred for evaluation of possible CAD who had a calcium score of zero.
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METHODS

Study design and patient population

Single center prospective registry including 3012 consecutive patients
undergoing Dual Source Cardiac CT angiography (CCTA) from February
2007 to March 2012. For this analysis, 864 stable patients (with symptoms
and/or positive or inconclusive stress tests) referred for evaluation of possible

CAD that had a calcium score of zero were included.

Exclusion criteria included: 1) preoperative CAD assessment prior to
noncoronary valvular or aortic surgery (n=51); 2) evaluation of possible CAD
in cardiomyopathies (dilated cardiomyopathy or hypertrophic cardiomyopathy)
(n=162); 3) cardiac CT for atrial fibrillation ablation (n=330); 4) previous
myocardial infarction and/or revascularization procedures (n=257); 5)
suspected ACS (n=70); 6) other indications (n=102). Patients with atrial
fibrillation or other significant arrhythmias during scan acquisition or artifacts
that significantly compromised image quality were also excluded, as every

patient with a CaSc>0 (Figure 1).

The study was approved by the local ethics committee and all patients gave a

written informed consent.

A detailed medical history with a risk factors questionnaire was obtained from
the patients to assess for the presence of: 1) Diabetes mellitus (defined as a
fasting glucose level of =126 mg/dL or the need for insulin or oral
hypoglycemic agents) [13]; 2) Dyslipidemia (defined as a total cholesterol

level 2200 mg/dL or treatment with lipid-lowering drugs) [14]; 3) Hypertension
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(defined as blood pressure 2140/90 mmHg or the use of antihypertensive
medication) [15]; 4) Obesity (body mass index 230 kg/m?); 5) positive family
history of premature CAD (defined as the presence of CAD in first-degree
relatives younger than 55 [male] or 65 [female] years of age) [16]; 6) smoking

(defined as previous [less<1year] or current smoker.

Pre-test probability of CAD was determined using both the modified Diamond
and Forrester [17] and the Morise score [18]. The cardiovascular risk was
assessed with the HeartScore [19]. In the modified Diamond-Forrester,
patients were classified into very low (<5%), low (<10%), intermediate (10-
90%) and high probability (>90%). For the Morise score, patients were
classified into low (scores 0-8), intermediate (scores 9-15) and high probability

(scores 216). For the HeartScore, the cut-off of 25% (high-risk) was used.

Scan protocol and image reconstruction

All scans were performed with a first generation dual-source scanner
(Somatom Definition, Siemens Medical, Germany), with the patient in dorsal
decubitus and in deep inspiration breath-hold.

The calcium score acquisition consisted of step and shoot — prospective ECG
gating technique with ECG triggering at 70% of the R-R interval if the heart
rate was below 80bpm or at 40% of the R-R interval if the heart rate was
higher. From the topogram, a cranio-caudal scan was obtained from the
carina to the plane just below the heart silhouette, with 120kV and 128mAs/rot
tube current, with CAREDose 4D mAs modulation. The value of the calcium

score was obtained with the analysis of consecutive non-contrast 3 mm slices,
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with a reconstruction b35f Kernel and a small (cardiac) FOV, with a dedicated
software (CaScoring- Siemens), where every area at least with 3mm? within a
coronary vessel with a density above 130HU (Hounsfield Units) was selected.
For CCTA, sublingual nitroglycerin was administered to all patients, except
when contraindicated, and intravenous metoprolol (5mg, with a titration dose
up to 20 mg) was administered in patients with heart rate >70 beats/min.
During the scan acquisition, a bolus of iodinated contrast was injected at a 6
ml/s infusion rate, followed by a 50-ml saline flush. The dose of contrast was
calculated according to the following formula: (acquisition time + 6 s delay) x
flow (6 ml/s). A ROI was defined in the ascending aorta for the bolus trigger
technique, set at 120 HU.

Dose reduction strategies - including electrocardiogram-gated tube current
modulation, reduced tube voltage, and prospective axial triggering - were
used whenever feasible.

Mean estimated radiation dose was 0.8 + 0.5 mSv for CaSc and 4.6 + 3.8
mSy for CT scan. Mean contrast dose was 96.2 + 13.6 ml and heart rate was
67.8 £ 12.9 bpm.

Transaxial images were reconstructed with a temporal resolution of 83 ms
and slice thickness of 0.75 mm with 0.4 mm increments. Post-processing was
carried out using Circulation® software, with multiplanar reconstructions,
maximum intensity projection and volume rendering technique. All scans were
analysed in the same session by both a cardiologist and a radiologist with
Level lll- equivalent experience. In each coronary artery segment, coronary
atherosclerosis was defined as tissue structures >1 mm2 that existed either

within the coronary artery lumen or adjacent to the coronary artery lumen that
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could be discriminated from surrounding pericardial tissue, epicardial fat, or
the vessel lumen itself [20]. Coronary atherosclerotic lesions were quantified
for stenosis by visual estimation. Percent obstruction of coronary artery lumen
was based on a comparison of the luminal diameter of the segment exhibiting
obstruction to the luminal diameter of the most normal-appearing site
immediately proximal to the plaque. Obstructive CAD was defined by

presence of at least one plaque with = 50% stenosis.

Statistical Analysis

Continuous variables with normal distribution were expressed as mean + one
standard deviation. Categorical variables were expressed as percentages and
their frequencies were compared with the chi-square test.

Binary logistic regression models were built to elucidate independent
predictors of CAD without coronary calcification.

The objective of this model was the assessment of clinical variables that aid to
predict the presence of CAD in patients with a calcium score of zero. All the
demographic, risk factors and clinical variables present in table 2 that had a
p<0.1 in univariate analysis were included in a multivariate logistic regression
model (Enter method).

Statistical analysis was performed with SPSS 17.0 software for Windows

(SPSS Inc., Chicago, IL, USA).
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RESULTS

Baseline and Procedural Characteristics

In the final study population of 864 patients, most of the patients were female
(55%) and mean age was 53.8 + 11.0. The prevalence of traditional risk
factors was low, with only 9.0% of patients with diabetes. This was
predominantly a low risk population with few high risk patients (only 9.0% with
the Morise score and 3.1% with the modified Diamond-Forrester had a high
CAD probability). Likewise, most of the patients were not considered as high
cardiovascular risk, as assessed by the HeartScore (only 11.9% had a Heart
Score=5%) - table 1.

Coronary plaques were detected on CCTA in 107 patients (12.4%): 10.8%
(n=93) with nonobstructive CAD and 1.6% (n=14) with obstructive CAD —
figure 2. Considering the degree of stenosis of the obstructive CAD group,
64% (n=9) had a 50 to 70% stenosis and 36% (n=5) a >70% stenosis.
Considering the extent of disease, all these patients had obstructive CAD in
only 1 vessel and 93% had a single lesion. Regarding the distribution, most of
the obstructive CAD lesions were found in proximal or mid segment locations

(87%).

Univariate analysis
Patients with CAD were older (prevalence of age=55 years 64% vs 47%,
p=0.001) than patients without CAD and had a higher prevalence of

dyslipidemia (65% vs 51%, p=0.010) and hypertension (67% vs 51%,
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p=0.002).

The pre-test CAD probability assessed both by the Morise score and the
modified diamond-Forrester was higher in the CAD group and these patients
had a 2 to 4 times higher probability of being of a high CAD probability group.
Cardiovascular risk, estimated by the HeartScore, was also significantly
higher in patients with CAD. Although there was a trend in this group towards
a higher prevalence of diabetes and male gender, these differences were not

statistically significant — table 2.

Multivariate analysis

By multivariate analysis, the independent predictors of CAD in patients with a
calcium score of zero were age=55 (odds ratio=1.631, confidence interval
95% 1.054-2.524, p=0.028), hypertension (odds ratio=1.641, confidence
interval 95% 1.051-2.560, p=0.029) and dyslipidemia (odds ratio=1.538,
confidence interval 95% 1.002-2.361, p=0.049) (table 3 and figure 3). In the
presence of these 3 variables (n=176 patients, 20.4% of the population), the
probability of having coronary plaques was 21% (versus 12.4% in the total

studied population).
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DISCUSSION

In this single center cohort of stable patients without known CAD, referred for
cardiac CT angiography, we found a very low prevalence of obstructive CAD
(1,6%) in the subset with a CaSc of zero. When considering the degree of
stenosis, only 0,6% had a stenosis >70%.

The prevalence and clinical significance of obstructive CAD on coronary CT
angiography among patients with a calcium score of zero has been evaluated
in several cohorts, but with conflicting results, depending on the population
included. Data from the CONFIRM registry [12], Rubinshtein et al [11] and
Akram et al [9], are in line with our results, with a low prevalence of
obstructive CAD (3.5%, 7.2% and 8.2%, respectively). Our prevalence was
even lower, and this might be explained by a high prevalence of patients with
a low pretest probability of CAD.

In contrast, in the work of Harberl et al [8] and Gottlieb et al [10], there was a
high prevalence of CAD (32% and 19.4%, respectively), which can be related
to the fact that these studies included patients referred for conventional
angiography, including patients with possible acute coronary syndromes.
Calcium scoring enables a noninvasive quantification of the total coronary
atherosclerotic burden, although it underestimates the burden of disease, by
not measuring noncalcified plaque [21]. Nevertheless, it has been shown to
outperform traditional risk stratification tools, such as clinical risk factor

assessment, ankle-brachial index, carotid intima-media thickness and high-

10
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sensitivity C-reactive protein, as a predictor of cardiovascular events [Error!

Bookmark not defined.,5].

Our data suggests that, although the absence of calcium does not exclude the
presence of CAD, it was associated with a very low probability of obstructive
lesions, when the pretest CAD probability is low. This is in line with the
excellent prognosis that has been demonstrated for patients with a calcium

score of zero [6].

In our population, older age (=55 years), hypertension and dyslipidemia were
independent predictors of CAD in this subset of patients without calcium, and
in the presence of these 3 predictors, the probability of having CAD was
almost 2 times higher than in the general population. Nevertheless, the odds
ratios for the independent predictors were rather modest and other traditional
CAD risk factors were not found to be independent predictors. This way, we
could hypothesize that coronary plaques without calcium could be a different
phenotypical subset of CAD. Another possibility could be that these patients
with coronary plaques in the absence of calcium represent CAD at earlier
stages, since calcium is considered to be associated with more advanced
forms of atherosclerotic lesions [Error! Bookmark not defined.]. In fact, in
our population, all the patients with obstructive CAD had only 1 vessel
disease, most (93%) with a single lesion, and only a minority (36%) had >70%
stenosis.

One last hypothesis could be that these plaques can have microcalcifications

below the threshold of cardiac CT spacial resolution, as in the case example

11
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(figure 4), in which small spots of calcium were only detected by intravascular

ultrasound (IVUS) virtual histology.

LIMITATIONS

There are a number of limitations related to this report: 1) this is a single
center retrospective study with medium size cohort; 2) our population in
mainly of low CAD probability and CV risk; the very low percentage of
obstructive CAD found can not be extrapolated to cohorts with more patients
with higher CAD probability and CV risk 3) the definition of CAD was made
using CCTA and not invasive angiography, which may lead to false-positive
findings, although this is unlikely in the absence of calcium; 4) lack of
prognostic information, since we did not evaluate the prognostic importance of

obstructive CAD in patients with a CaSc of zero.

12
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CONCLUSIONS

In this population of stable patients referred for evaluation of possible CAD
that had a calcium score of zero, 12.4% had coronary plaques and 1.6% had
obstructive (= 50%) CAD.

Therefore, and despite the known high negative predictive value of CaSc for
coronary events, the absence of coronary artery calcification does not exclude
the presence of coronary artery disease, but the prevalence of obstructive
disease is very low.

In this population, we found that age=55, hypertension, dyslipidemia were
independent predictors of CAD in the setting of a calcium score of zero. In the
presence of these 3 predictors, the probability of having CAD was almost 2

times higher than in the total studied population.

All the authors declare that they have no conflict of interest.
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Table 1: Demographic, clinical and CCTA characteristics of the study

population

Demographic

All patients (n=864)

CV risk
HeartScore
CCTA

25%

Age 53.8+11.0
Male sex 389 (45.0)
Obesity (BMI 230) 160 (18.5)
Diabetes 78 (9.0)
Hypertension 459 (53.1)
Dyslipidemia 454 (52.5)
Smoking 206 (23.8)
Family history of premature 284 (32.9)
CAD
Asymptomatic 441 (51.0)
Noncardiac 194 (22.5)
Atypical 182 (21.1)
Typical 47 (5.4
CAD probability - Morise
Score = 16 78 (9.0)
Score 9-15 446 (51.6)
Score 0-8 340 (39.4
CAD probability - modified Diamond Forrester
Very Low 188 (21.8)
Low 391 (45.3)
Intermediate 257 (29.7)
ig 27 (31

103 (11.9

(mSv)

Normal / no plague 737 (87.3)
Non obstructive CAD 93 (10.8)
Obstructive CAD 14 (1.6)
Heart rate (bpm) 67.8+12.9
Contrast dose (ml) 96.2+13.6
Radiation dose - CTA 46+3.8
(mSv)

Radiation dose - CaSc 0.8+0.5

Values are mean + SD or n (%);BMI — body mass index; CAD — coronary
artery disease; CV - cardiovascular; CCTA -

174
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Table 2: Univariate analysis.

Family history of premature CAD

No CAD CAD p
n=107

Demographic

Age 255 years 68 (63.6)

Male gender . 54 (50.5)

Diabetes (8.5) (13.1)

Obesity (BMI 230) 139 (18.4) 21(19.6) 0.790
Hypertension 387 (51.1) 72 (67.3) 0.002
Dyslipidemia 385 (50.9) 69 (64.5) 0.010
Smoking 184 (24.3) 22 (20.6) 0.467

)

Score 2 16 .

Score 9-15 382 (50.5) 64 (59.8) 0.002
171 (22.6%) 17 (15.9)

Low 342 (45.2) 49 (45.8) 0.005

Intermediate 225 (29.8) 32 (29.9) ’

High 18 (2.4 9 (8.4

Heart Score 25 79 (10.4) 24 (22.4) 0.001

Values are mean + SD or n (%); CAD — coronary artery disease; BMI — body

mass index; CV — cardiovascular

175
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Table 3: Multivariate analysis.

Independent predictors of CAD

OR Cl (95%) p
Age 255 1.631 1.054-2.524 0.028
Hypertension 1.641 1.051-2.560 0.029
Dyslipidemia 1.538 1.002-2.361 0.049

OR - odds ratio; Cl — confidence interval
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FIGURE LEGENDS

Figure 1: Patient selection and study design

Figure 2: Distribution of CT angiographic findings

Figure 3: Independent predictors of CAD in patients with a CaSc of zero

Figure 4: Non-calcified plaque on cardiac CT (on the right) in a patient with a
CaSc of zero; the angiography (on the left) confirmed the presence of a 50-
70% stenosis in the mid-RCA,; intravascular ultrasound with virtual histology

(in the middle) suggests the presence of microcalcifications.
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Figure 1 . R R
Click here to downlogd Figure: figure1.ppt All consecutive patients referred for Cardiac CT
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Figure 3
Click here to download Figure: figure3.ppt

OR (95% Cl1)
Hypertension 1.64  (1.051-

1 2.560)
Age>55 1.63  (1.054-
1 2.524)

Dyslipidemia 1.53  (1.002-
8 2.361)

0.50 1.00 1.50 2.00 2.50

180



Figure 4 S
Click here to download Figure: fig

181



182



Capitulo 5.

Angio TC cardiaca - aspectos técnicos

RESUMO:

Neste capitulo é feita uma revisdo de alguns aspectos técnicos da angio TC, nomeadamente da resolugdo espacial e
temporal, da cobertura craneo-caudal e da dose de radiagdo, cuja evolugdo nos ultimos anos tem contribuido para uma
melhoria significativa da qualidade dos exames. E dado particular destaque a dose de radiagio empregue e as diferentes
estratégias e protocolos desenvolvidos para a reduzir, aspecto essencial para a sua adopgdo na pratica clinica e
influenciando o seu posicionamento no algoritmo de avaliagdo da doenga coronaria.

Estdo incluidos neste capitulo dois artigos que abordam a questio da radiagdo em angio TC. No artigo 13 é feita uma
avaliagdo dos preditores de maior dose utilizada e a sua progressiva reducdo ao longo do tempo, dependente em larga
medida da implementacdo de novos protocolos de aquisi¢do. No artigo 14, a dose de radiagdo da angio TC é comparada
com a dos outros exames usados para estudo da doenga coronaria que usam radiagdo ionizante. Neste estudo que incluiu
mais de 6000 exames, a angio TC cardiaca foi o exame com a dose média mais baixa, seguida da coronariografia invasiva,

que por sua vez foi mais baixa que a da cintigrafia de perfusdo miocardica.

ABSTRACT:

In this chapter, some technical issues related to cardiac CT are described, like spatial and temporal resolution, volume
coverage and radiation dose, whose recent advancements have lead to significant improvements in image quality. The
issue of radiation dose and the different available strategies to reduce it are discussed in more detail, since this influences
its clinical use and the positioning of cardiac CT in the coronary artery disease evaluation algorithm.

Two manuscripts are included in this chapter, both related to the issue of cardiac CT radiation dose. In manuscript 13,
the predictors of higher dose are described, as well as its reduction over time, largely dependent of the adoption of new
acquisition protocols. In manuscript 14, a comparison of the radiation dose of three diagnostic tests is provided. In this
study, including more than 6000 exams, cardiac CT was associated with a mean lower dose than invasive coronary

angiography, which, in turn, was lower than that of single-photon emission computed tomography.

ARTIGO 13/ MANUSCRIPT 13:

RADIAGCAO NA ANGIOTC CARDIACA: PREDITORES DE MAIOR DOSE UTILIZADA E SUA REDUCAO AO LONGO DO TEMPO.
P. Sousa, P. Aratijo Gongalves, H. Marques, L. Raposo, R. Cale, J. Brito, A. Gaspar, F. Machado, ]. Roquette.

Rev Port Cardiol. 2010, 29 (11): 1655-65.

ARTIGO 14/ MANUSCRIPT 14:

RADIATION DOSE OF 3 DIAGNOSTIC TESTS: SINGLE-PHOTON EMISSION COMPUTED TOMOGRAPHY, INVASIVE
CORONARY ANGIOGRAPHY AND CARDIAC COMPUTED TOMOGRAPHY

Araujo Gongalves P, Jerénimo Sousa P, Cale R, Marques H, Santos MB, Dias A, Dores H, Carvalho MS, Ventosa A, Martins T,
Teles R, Almeida M, Mendes M.
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5.1 Introducao

Nos dultimos anos, tem-se assistido a impressionante evolugdo na tecnologia da TC
multidetectores com progressivas melhorias na resolucdo espacial, temporal e de cobertura
craneo-caudal que vieram permitir a avaliagdo ndo invasiva das artérias coronarias e tornar a
angio TC cardiaca uma ferramenta importante na pratica clinica diaria.

De seguida sdo revistos alguns aspectos técnicos da angio TC cardiaca, com especial énfase na

dose de radiagdo e nas estratégias desenvolvidas para a sua redugao.

5.2 Resolucao espacial, temporal e cobertura craneo-caudal

A primeira geragdo de aparelhos de TC multidetectores que possibilitava a avaliacdo das artérias
coronarias foi introduzida no ano 2000 e eram aparelhos de 4-cortes (1). Estes aparelhos, apesar
de inaugurarem uma nova era de avaliagdo corondria ndo invasiva, apresentavam ainda
marcadas limitacdes de resolucdo temporal e espacial, que vieram a ser posteriormente
minimizadas com o desenvolvimento de aparelhos de 16 e 64 cortes, sendo estes ultimos
considerados actualmente como o requisito ideal minimo para a realizagdo de exames de angio

TC cardiaca (2).

A resolugdo espacial dos primeiros aparelhos, intimamente relacionada com a colimacdo dos
cortes, variava entre 1 a 4mm, tendo melhorado para 0.5 a 0.75mm com a introducdo dos
aparelhos de 16 e 64 detectores. Desde essa altura, ndo tem havido melhoria significativa neste
parametro, sendo uma das importantes limitagdes desta técnica, dificultando a avaliagdo de
segmentos de pequeno calibre, bem como a avaliagdo na presenca de importante calcificacdo e de
artefactos metalicos, como os provocados na presencga de stents.

A resolugdo actualmente possivel impde igualmente limitagdes a avaliacdo detalhada das placas
ateroscleroticas, nomeadamente quando comparada com a resolucdo das modalidades de
imagem intracorondaria - 200 a 250 pm para a IVUS e 10-15 pm para a OCT (3). Este é um aspecto
técnica a ter em consideracdo no que diz respeito a possibilidade de avaliacao das caracteristicas
de potencial instabilidade das placas por TC, em face das limitagdes ja apresentadas pelas

técnicas intracorondrias de muito mais elevada resolugdo espacial (4).

A resolugdo temporal é igualmente um aspecto técnico importante na TC multidetectores
quando aplicada a estruturas em movimento como é o caso do corac¢do. Esta é fun¢do do tempo
que demora a adquirir uma imagem, que por sua vez é fun¢do da velocidade de rotagdo da gantry.
Para formagdo de uma imagem de TC, torna-se necessaria a aquisicao de raios-X em 180 graus,

ou seja, em meia rotagdo da gantry. Assim, nos aparelhos de 12 geracao com 4 cortes, como a
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gantry demorava 500 ms a dar uma volta completa, a resolu¢do temporal era de 250 ms (meia
volta para aquisi¢do de 1 imagem). O desenvolvimento dos aparelhos de 16 e mais tarde de 64
cortes acompanhou-se de uma reducdo do tempo de rotagdo e assim uma melhoria da resolugao
temporal. Para um aparelho de 64 cortes com um tempo de rotagdo de 330 ms, a resolucdo
temporal correspondente é de 165ms.

A resolucdo temporal tem importantes implicacdes na qualidade dos exames, uma vez que
quanto mais rapida for a aquisicio menor é o tempo necessario de apneia e assim minimiza o
risco de artefactos relacionados com a respira¢cdo. Por outro lado, a melhoria da resolugido
temporal permitiu aumentar o ritmo de administracdo do contraste sem aumentar muito a dose
total (a aquisi¢do dura menos ciclos cardiacos) e assim melhorar a qualidade do exame (melhor
contraste entre o limen e a parede do vaso e restantes tecidos.

A resolucdo temporal tem ainda importantes implicacdes na dependéncia de uma frequéncia
cardiaca baixa durante a aquisicdo e assim da necessidade de administra¢do de beta-bloquentes
previa a realizacdo do exame. Nos actuais aparelhos de 64 cortes, o nimero de batimentos
cardiacos necessario para completar a aquisicdo cardiaca baixou dos iniciais 20 a 30m
batimentos (com os aparelhos de 4 cortes) para 4 a 8 batimentos. Com o desenvolvimento mais
recente de aparelhos de dupla ampola, associados a uma rotagdo da gantry de 330 ms foi
possivel reduzir a resolugdo temporal para 82,5ms, uma vez que as imagens sdo obtidas por
integracdo da informacdo obtida das 2 ampola (separadas 90°) bastando assim apenas % de
rotagdo para se obter uma imagem (330ms/4) elevando a uma menor dependéncia da frequéncia
cardiaca na qualidade dos exames e permitindo inclusive a avaliacdo de doentes com arritmias
(5).

Mais recentemente, os aparelhos de dupla ampola que na 12 geracdo tinham 2 conjuntos de 64
detectores (2x 64) evoluiram na 22 geragdo para 2x128 cortes e com ainda menor tempo de
rotacdo da gantry (280ms) melhorando a resolu¢do temporal para 75 ms (280ms/4). Com estes
aparelhos de ultima geracdo foi possivel desenvolver protocolos de aquisi¢do de pitch elevado e
assim aquisicao simultanea de todo o exame num Unico ciclo cardiaco e com uma impressionante

reducdo na dose de radiacao (6-8).

Outro aspecto técnico importante na angio TC prende-se com a cobertura craneo-caudal, que
depende directamente do nimero de detectores. A largura de um detector varia entre 0,5 a
0,6mm e assim os aparelhos de 64 cortes adquirem em cada rotacdo 3,2cm do volume total. Com
o desenvolvimento de aparelhos de 320 cortes, foi possivel uma cobertura craneo-caudal de
16cm (0,5mm x 320=160mm) e assim possibilitar a aquisicdo cardiaca total numa Unica rotacao
da ampola e num unico ciclo cardiaco. Estes aparelhos eliminaram os artefactos de escada e
levaram a importantes redu¢des na dose de contraste, pelo menor tempo de aquisicdo, e de
radiacdo, uma vez que deixa de haver sobreposi¢do de detectores (9, 10). Mais importante ainda,

uma vez que a distribuicdo do contraste é uniforme na totalidade do volume cardiaco adquirido,
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estes aparelhos vieram abrir um novo campo de possibilidades na avaliacdo da perfusdo do

miocardio e na realizagdo de protocolos de isquémia (11).

5.3 Dose de radiacio e estratégias para sua reducio

Uma das limitagdes da angio TC cardiaca esta relacionada com o uso de radiagdo ionizante e o seu
risco para a saude resultante dos seus efeitos deterministicos e estocasticos. Os efeitos
deterministicos resultam da exposicdo a doses elevadas e num curto periodo de tempo,
originando lesdo celular directa, sendo incomuns verificar-se no contexto de imagem médica. Os
efeitos estocasticos sdo neste contexto mais importantes, pelo potencial de inducdo de mutagdes
no DNA e consequentemente do desenvolvimento posterior de neoplasias. A relacdo entre a
radiacdo ionizante e o risco de desenvolvimento de neoplasias foi bem documentada nos
acidentes nucleares, tendo sido depois feita uma extrapolacdo linear das doses elevadas
registadas nesses acidentes para as doses habitualmente empregues nos exames médicos. A
proporg¢ao estimada é de que o risco de morte por neoplasia aumenta 0,5% por uma exposicao a
100mSv (12). Nao havendo dados observacionais com doses inferiores a 100mSv tem sido
assumida a teoria “linear no threshold”, que é deliberadamente conservadora e defende que nao
havendo prova em contrario, qualquer exposicdo a radiagcdo ionizante aumenta o risco de
desenvolvimento de uma neoplasia mantendo a mesma propor¢do nas doses baixas. Este é o
modelo sobre o qual é defendido o principio de ALARA - “As low as reasonably achievable” que
deve orientar o uso de radiacao ionizante em medicina (13, 14).

A melhoria na qualidade dos exames com o desenvolvimento dos aparelho de 16 e 64 cortes foi
acompanhada de uma aumento significativo na dose de radiacdo empregue pela angio TC
cardiaca que chegou a 20 mSv. Varias estratégias foram desenvolvidas para reducdo da dose de
radiacdo na angio TC cardiaca, nomeadamente a correcta limitacdo da janela de aquisicdo, a
modula¢do da dose pelo ECG e o uso de uma reduzida kilovoltagem (100Kv) em individuos nédo
obesos, aspectos que levaram a uma reducdo significativa da dose empregue neste exames (15).
Em 2009 foram publicados os resultados do registo multinacional e multicéntrico PROTECTION I
(Prospective Multicenter Study On Radiation Dose Estimates Of Cardiac CT Angiography in Daily
Practice) no qual a dose média de radiacdo foi de 12 mSyv, reflexo ja da implementagdo de
algumas destas estratégias de redugdo da dose (16).

Em 2010 publicamos um trabalho em que foi avaliada a evolu¢do temporal da dose de radiacao,
tendo sido possivel demonstrar uma redugdo significativa da dose ao longo do tempo com a
progressiva implementacao de novos protocolos, nomeadamente com o uso de uma reduzida
kilovoltagem da ampola (17). Nesta trabalho, a dose média foi de 6,6 mSv e foi possivel
identificar os preditores associados a uma elevada dose de radiagdo que foram: um IMC>32
kg/m2, o uso de 120 Kv (pela impossibilidade de se adquirir o exame com 100 Kv nos individuos

obesos); antecedentes de cirurgia cardiaca (pela necessidade de irradiar todo o térax para
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inclusao das pontagens); presenca de ritmo de fibrilhagdo auricular (uma vez que impossibilita o
correcto gating cardiaco).

Mais recentemente foram desenvolvidas estratégias adicionais que contribuiram para reduzir
ainda mais a dose de radiacdo, sendo um exemplo disto a aquisicdo prospectiva ou adaptativa,
conduzindo a doses médias de 2-3 mSv (18) e a aquisicdo com high-pitch nos aparelhos topo de
gama de dupla ampola (128x2) com doses inferiores a 1mSv (6), sem que estas redugdo da dose
leve a uma compromisso da qualidade da imagem.

Actualmente, as doses médias empregues pela angio TC cardiaca sdo inferiores as dos outros
exames em cardiologia que empregam radiacdo ionizante, nomeadamente a cintigrafia de
perfusdo miocardica (dose 10-15 mSv) e a coronariografia por cateterismo cardiaco (dose 7 mSv)
(12, 19, 20).

Num outro trabalho em que comparamos a dose de radiacdo deste 3 exames numa populacdo de
6196 doentes consecutivos avaliados durante 2 anos, a dose mais baixa foi a da angio TC cardiaca
(5,4 mSv), seguida da coronariografia por cateterismo cardiaco (8,1 mSv), que por sua vez foi
mais baixa do que a da cintigrafia de perfusdao miocardio (10,7 mSv) (21). Neste trabalho, foi
ainda possivel verificar uma redu¢do na dose de radiagdo ao longo do tempo (resultado da
adopgdo de novos protocolos) e uma subida da dose da coronariografia (resultante sobretudo do
uso crescente do acesso radial), ndo havendo modificagao significativa nos exames de cintigrafia
ao longo do tempo. Em todos os exames, a obesidade associou-se a uma dose de radiagdo
significativamente mais alta em todos os exames, sendo a subida mais evidente na angio TC
cardiaca.

Por fim, os softwares de reconstrugao iterativa recentemente desenvolvidos poderao ainda levar
a uma redugdo adicional da dose, tendo muito recentemente sido descritos protocolos com doses
mesmo inferiores a 0,1mSv (22). Caso se venha a confirmar ser possivel a aplica¢do clinica destes
protocolos com doses que se aproximam das usadas num simples RX de térax, sem compromisso
da qualidade dos exames, podera ter implica¢cdes no posicionamento da angio TC cardiaca na

avaliacdo da DC, nomeadamente na estratificacdo do risco CV em doentes assintomaticos.

188



5.4 BIBLIOGRAFIA

1. Achenbach S, Ulzheimer S, Baum U, Kachelriess M, Ropers D, Giesler T, et al. Noninvasive
coronary angiography by retrospectively ECG-gated multislice spiral CT. Circulation. 2000 Dec
5;102(23):2823-8.

2. Abbara S, Arbab-Zadeh A, Callister TQ, Desai MY, Mamuya W, Thomson L, et al. SCCT
guidelines for performance of coronary computed tomographic angiography: a report of the
Society of Cardiovascular Computed Tomography Guidelines Committee. ] Cardiovasc Comput
Tomogr. 2009 May-Jun;3(3):190-204.

3. Prati F, Guagliumi G, Mintz GS, Costa M, Regar E, Akasaka T, et al. Expert review
document part 2: methodology, terminology and clinical applications of optical coherence
tomography for the assessment of interventional procedures. Eur Heart ]. 2012 Oct;33(20):2513-
20.

4, Stone GW, Maehara A, Lansky A], de Bruyne B, Cristea E, Mintz GS, et al. A prospective
natural-history study of coronary atherosclerosis. N Engl ] Med. 2011 Jan 20;364(3):226-35.

5. Flohr TG, McCollough CH, Bruder H, Petersilka M, Gruber K, Suss C, et al. First
performance evaluation of a dual-source CT (DSCT) system. Eur Radiol. 2006 Feb;16(2):256-68.
6. Achenbach S, Marwan M, Ropers D, Schepis T, Pflederer T, Anders K, et al. Coronary
computed tomography angiography with a consistent dose below 1 mSv using prospectively
electrocardiogram-triggered high-pitch spiral acquisition. Eur Heart ]. 2010 Feb;31(3):340-6.

7. Alkadhi H, Stolzmann P, Desbiolles L, Baumueller S, Goetti R, Plass A, et al. Low-dose,
128-slice, dual-source CT coronary angiography: accuracy and radiation dose of the high-pitch
and the step-and-shoot mode. Heart. 2010 Jun;96(12):933-8.

8. Achenbach S, Goroll T, Seltmann M, Pflederer T, Anders K, Ropers D, et al. Detection of
coronary artery stenoses by low-dose, prospectively ECG-triggered, high-pitch spiral coronary CT
angiography. JACC Cardiovasc Imaging. 2011 Apr;4(4):328-37.

9. Dewey M, Zimmermann E, Deissenrieder F, Laule M, Dubel HP, Schlattmann P, et al.
Noninvasive coronary angiography by 320-row computed tomography with lower radiation
exposure and maintained diagnostic accuracy: comparison of results with cardiac catheterization
in a head-to-head pilot investigation. Circulation. 2009 Sep 8;120(10):867-75.

10. de Graaf FR, Schuijf JD, van Velzen JE, Kroft L], de Roos A, Reiber JH, et al. Diagnostic
accuracy of 320-row multidetector computed tomography coronary angiography in the non-
invasive evaluation of significant coronary artery disease. Eur Heart]. 2010 Aug;31(15):1908-15.
11. George RT, Arbab-Zadeh A, Cerci R], Vavere AL, Kitagawa K, Dewey M, et al. Diagnostic
performance of combined noninvasive coronary angiography and myocardial perfusion imaging
using 320-MDCT: the CT angiography and perfusion methods of the CORE320 multicenter
multinational diagnostic study. AJR Am ] Roentgenol. 2011 Oct;197(4):829-37.

12. Gerber TC, Carr J], Arai AE, Dixon RL, Ferrari VA, Gomes AS, et al. lonizing radiation in
cardiac imaging: a science advisory from the American Heart Association Committee on Cardiac
Imaging of the Council on Clinical Cardiology and Committee on Cardiovascular Imaging and
Intervention of the Council on Cardiovascular Radiology and Intervention. Circulation. 2009 Feb
24;119(7):1056-65.

13. Einstein A], Henzlova M], Rajagopalan S. Estimating risk of cancer associated with
radiation exposure from 64-slice computed tomography coronary angiography. JAMA. 2007 Jul
18;298(3):317-23.

14. Einstein A]. Effects of radiation exposure from cardiac imaging: how good are the data? ]
Am Coll Cardiol. 2012 Feb 7;59(6):553-65.

15. Hausleiter J, Meyer T, Hadamitzky M, Huber E, Zankl M, Martinoff S, et al. Radiation dose
estimates from cardiac multislice computed tomography in daily practice: impact of different
scanning protocols on effective dose estimates. Circulation. 2006 Mar 14;113(10):1305-10.

16. Hausleiter J, Meyer T, Hermann F, Hadamitzky M, Krebs M, Gerber TC, et al. Estimated
radiation dose associated with cardiac CT angiography. JAMA. 2009 Feb 4;301(5):500-7.

17. Sousa PJ, Goncalves PA, Marques H, Raposo L, Cale R, Brito ], et al. Radiation in cardiac
CT: predictors of higher dose and its reduction over time. Rev Port Cardiol. 2010
Nov;29(11):1655-65.

189



18. Hausleiter ], Meyer TS, Martuscelli E, Spagnolo P, Yamamoto H, Carrascosa P, et al. Image
quality and radiation exposure with prospectively ECG-triggered axial scanning for coronary CT
angiography: the multicenter, multivendor, randomized PROTECTION-III study. JACC Cardiovasc
Imaging. 2012 May;5(5):484-93.

19. Fazel R, Krumholz HM, Wang Y, Ross ]S, Chen ], Ting HH, et al. Exposure to low-dose
ionizing radiation from medical imaging procedures. N Engl ] Med. 2009 Aug 27;361(9):849-57.

20. Kaufmann PA, Knuuti ]. lonizing radiation risks of cardiac imaging: estimates of the
immeasurable. Eur Heart ]. 2011 Feb;32(3):269-71.
21. de Aradjo Gongalves P, Jeréonimo Sousa P, Calé R, Marques H, Dias A, Dores H, et al.

Radiation effective dose of three diagnostic tests in Cardiology: Single-Photon Emission
Computed Tomography, Invasive Coronary Angiography and Cardiac Computed Tomography
Angiography. Rev Port Cardiol. 2013.

22. Schuhbaeck A, Achenbach S, Layritz C, Eisentopf ], Hecker F, Pflederer T, et al. Image
quality of ultra-low radiation exposure coronary CT angiography with an effective dose <0.1 mSv
using high-pitch spiral acquisition and raw data-based iterative reconstruction. Eur Radiol. 2013
Mar;23(3):597-606.

190



5.5 ARTIGO 13/ MANUSCRIPT 13:

ARTIGOS ORIGINAIS

Radiacao na AngioTC cardiaca:
preditores de maior dose utilizada
e sua reducao ao longo do tempo[115]

PEDRO JERONIMO S0USA', PEDRO ARAUJO GONCALVES', HUGO MARQUES?, Luis RAposo', Rira CALE', JoAo BRito',
AUGUSTO GASPAR?, FRANCISCO PEREIRA MACHADO", JOSE ROQUETTE'

!Centro Cardiovascular, Hospital da Luz, Lisboa, Portugal

2 Centro de Imagiologia, Hospital da Luz, Lisboa, Portugal

Rev Port Cardiol 2010; 29 (11): 1655-1665

RESUMO

A tomografia computorizada cardiaca é

um método ndo invasivo de obter
informagdo da anatomia cardiaca,
permitindo avaliar a doenga corondria. No
entanto, uma das limita¢des que tem vindo a
ser apontada a este exame ¢ a utiliza¢do de
radiagdo. O objectivo deste trabalho foi
avaliar a variagdo da dose de radia¢do ao
longo do tempo e identificar varidveis que
se associassem ao seu aumento.

Foi analisado um registo prospectivo de
643 doentes submetidos a TC cardfaca com
64 cortes e dupla ampola (Dual source CT -
Somaton Definition®, Siemens-medical)
durante os anos de 2007 e 2008.

A amostra foi dividida em quartis,

segundo a ordem cronolégica de realizacdo
dos exames. Verificou-se uma redugdo
progressiva da mediana da dose de radia¢ao
ao longo dos quartis analisados [Q1: 8,9
(5,9-14,1), 02: 6,6 (5,5-10,7), Q3: 6,4 (5,3-
8,7), Q4: 6,1 (5,2-7,9)], significativa quando
o primeiro quartil foi comparado com os
restantes (p<0,05). Paralelamente a este
decréscimo, verificou-se uma utiliza¢do
progressivamente maior de uma voltagem da
ampola de 100Kv (p<0,001). Os predictores

Radiation in cardiac CT: predictors of
higher dose and its reduction over
time

ABSTRACT

Introduction: Cardiac CT provides noninva-
sive information on cardiac anatomy, partic-
ularly in coronary artery disease. However,
exposure to radiation has been identified as
a limitation of this exam. The aim of this
study was to evaluate variations in radiation
dose over time and to identify variables
associated with use of higher radiation
doses.

Methods: A prospective registry of 643
patients who underwent 64-slice dual
source cardiac CT scan (Dual souce CT -
Somaton Definition®, Siemens-Medical)
during 2007 and 2008 was analyzed.
Resulis: The sample was divided into quar-
tiles according to the chronological order of
the exams. There was a progressive reduc-
tion in median radiation dose in the quar-
tiles analyzed (Q1: 8.9 [5.9-14.1], Q2: 6.6
[5.5-10.7], 03: 6.4 [5.3-8.7], Q4: 6.1
[5.2-7.9] mSv), significant when the first
quartile was compared with the others
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de uma dose de radiagdo alta foram:
IMC>32, cirurgia cardiaca prévia, presenga
de fibrilhac@o auricular na aquisi¢do, maior
tempo de aquisi¢do e o uso 120 kV como
voltagem da ampola. Quando pelo menos
uma destas caracterfsticas estava presente
(um tergo da populagdo), a dose de radiagao
foi significativamente superior [12,1
(9,5-14.,8) versus 5,7 (5,0-6,7) mSv.
p<0,001].

Palavras Chave:
AngioTC Cardiaco; Radiagdo

INTRODUCAO

Acoronariograﬁa invasiva é considerada o
gold standard para o diagnéstico de
doencga corondria. Contudo, exames ndo inva-
sivos, tais como a prova de esforco, a cinti-
grafia de perfusdo miocérdica, o ecocardiogra-
ma de sobrecarga, a tomografia computorizada
e a ressondncia magnética nuclear cardfaca
sdo uma alternativa na avalia¢do da anatomia
e fisiologia cardfacas.

Nas trés dltimas décadas, a tomografia
computorizada (TC) tem demonstrado um
papel importante na avalia¢do diagnéstica. A
era moderna da angiotomografia computo-
rizada cardfaca (AngioTC cardfaca) iniciou-se
aproximadamente em 1997, com a introdu¢ao
na prética clinica dos sistemas helicoidais de
corte tnico”. Com as geragdes sucessivas de
aparelhos de TC, até aos sistemas de 64 cor-
tes, verificou-se uma melhoria progressiva da
resolugdo espacial e temporal, bem como uma
diminui¢do importante do tempo de aquisi¢do.
Assim, desde 2004, com a introducdo da TC
de 64 cortes na prética clinica, a coronario-
grafia ndo invasiva por TC cardfaca tem des-
pertado interesse particular, nomeadamente
pela sua utilidade na exclusdo da presenca de
doenga corondria, fruto do seu elevado valor
preditivo negativo® (Figura 1).
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(p<0.05). Along with this reduction, there
was a progressive increase in the use of a
tube voltage of 100 kV (p<0.001).
Predictors of a higher radiation dose were
higher body mass index, previous cardiac
surgery, atrial fibrillation during acquisition,
longer acquisition time and use of a tube
voltage of 120 kV. When one or more of
these variables were present (one third of
the population), the radiation dose was sig-
nificant higher (12.1 [9.5-14.8] vs. 5.7 [5.0-
6.7] mSy, p<0.001).

Key words
Cardiac CT; Radiation

INTRODUCTION

Invasive coronary angiography is considered
the gold standard for diagnosis of coronary
artery disease. However, noninvasive exams
such as exercise testing, myocardial perfusion
scintigraphy, stress echocardiography, com-
puted tomography (CT) and cardiac magnetic
resonance imaging are alternative methods of
assessing cardiac anatomy and physiology.

Over the last thirty years, CT has come to
play an important role in diagnostic evalua-
tion. The modern era of CT angiography began
around 1997 with the introduction into clini-
cal practice of single-slice spiral systems®.
The development of new generations of CT
scanners led to progressive improvements in
spatial and temporal resolution and signifi-
cant reductions in acquisition time. Since the
introduction of 64-slice systems in 2004, non-
invasive coronary CT angiography has aroused
particular interest for its ability to exclude the
presence of coronary artery disease due to its
high negative predictive value® (Figure I).

In parallel with these technological
advances, the radiation doses used to acquire
CT images has increased in the most recent
systems, with exposure rising from 5-8 mSv
(four-slice) to 15-20 mSv (64-slice)®. However,
it is hoped that the better image quality of the
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Figura 1. Coronariografia virtual (A) e reconstrugio multiplantar (B) em exame com bhoa qualidade de imagem documentando corondrias

sem placas significativas

Figure 1. Virtual coronary angiography (A) and multiplane reconstruction (B) in good-quality cardiac CT images showing coronaries with-

out significant plaques

Paralelamente a esta evolugdo tecnolégica,
a dose de radiacdo utilizada na aquisi¢do de
imagens de TC tem vindo a aumentar com os
aparelhos mais recentes. A exposi¢do estima-
da aumentou de 5-8 mSv (TC de quatro cortes)
para 15-20 mSv (TC de 64 cortes)®. Com os
sistemas de dltima geragfo, em particular com
os aparelhos de dupla ampola e os de 320
cortes, espera-se que a melhoria da qualidade
de imagem seja acompanhada por uma redu-
¢do da dose de radiagdo.

Existe igualmente uma grande variabilida-
de nesta dose entre os vérios centros e os va-
rios aparelhos, com medianas de doses de ra-
diac¢@o que variam entre 4,9 e 29,1 mSv®.

No entanto, esta dose de radiagio elevada,
apontada como uma limitagdo para esta técni-
ca, pode ser eficazmente reduzida tanto pela
optimizagdo dos protocolos de aquisi¢do exis-
tentes, como pelo desenvolvimento de novos
softwares e protocolos.

O objectivo deste trabalho foi avaliar a evo-
lugdo temporal da dose de radiagdo na TC car-
dfaca e identificar varidveis associadas a do-
ses mais elevadas de radiacao.

METODOS

Todos os doentes submetidos a TC cardiaca
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latest generation scanners, particularly dual-
source and 320-slice machines, will be
accompanied by a reduction in radiation dose.

There are also considerable variations
between different centers and systems, with
median radiation doses ranging between 4.9
and 29.1 mSv®.

This high radiation dose has been identi-
fied as a limitation of the technique, but it can
be significantly reduced by optimization of
existing acquisition protocols and by the
development of new software and protocols.

The aim of this study was to evaluate vari-
ations in radiation dose in cardiac CT over
time and to identify variables associated with
use of higher radiation doses.

METHODS

All patients who underwent cardiac CT with
a dual-source 64-slice scanner (Somatom
Definition® - Siemens Medical Systems) during
2007 and 2008 were enrolled in a prospective
single-center registry. This population of 643
patients was divided into quartiles (Q1-Q4)
according to the chronological order of the
exams, in order to analyze radiation dose over
time.

Demographic (age and gender) and clinical
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de 64 cortes de dupla ampola (Somaton
Definition® - Siemens Medical) de 2007 e 2008
foram incluidos num registo prospectivo de
centro tnico. Esta populagdo (643 doentes) foi
dividida em quartis, de acordo com a ordem
cronolégica dos exames, para estudar a dose
de radiagdo ao longo do tempo.

Varidveis demogréficas (idade, sexo), clini-
cas [presenca de factores de risco cardiovas-
cular, indice de massa corporal (IMC), cirur-
gia cardfaca prévia, enfarte de miocérdio pré-
vio e presenca de fibrilha¢do auricular] e de
protocolo (tempo de aquisi¢do, dose de contras-
te, frequéncia cardfaca e uso de voltagem da
ampola de 120 kVs) foram avaliadas de modo
a identificar os preditores de uma dose de
radiag@io mais elevada (definida como presen-
te quando superior & mediana da populagdo).
As varidveis identificadas como preditores por
andlise univariada foram combinadas num
modelo de regressdo logfstica para apurar os
preditores independentes da utilizagdo de ele-
vada dose de radiagao.

Procotocolo de aquisicio e
reconstrucio de imagens

Todas as TC cardiacas foram efectuadas com
um aparelho de 64 cortes com dupla ampola
(Somatom  Definition, Siemens Medical®,
Forchheim, Germany), com o doente em decd-
bito dorsal e em apneia apés inspiragdo pro-
funda. Foi administrada nitroglicerina sublin-
gual em todos os doentes (salvo contra-indica-
¢oes). Ndo foi administrado beta-bloqueante
especificamente para a realiza¢do do exame.

A voltagem da ampola foi definida para
100 ou 120 kVs, de acordo com o IMC. Utili-
zou-se modulagdo por ECG da corrente da
ampola, reduzindo-a a 20% nas fases do ciclo
cardfaco ndo utilizadas para avaliagio das co-
rondrias. Esta modulag¢do ndo foi utilizada nos
doentes em fibrilhag@io auricular. O pitch
—velocidade de movimento da mesa — foi varid-
vel com a frequéncia cardfaca, aspecto regu-
lado automaticamente pelo equipamento de-
pendendo da frequéncia cardfaca, sendo este
ajuste feito automaticamente. Foram recons-
trufdas imagens transaxiais, sendo a resolugéo
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variables (cardiovascular risk factors, body
mass index [BMI], previous cardiac surgery,
previous myocardial infarction [MI] and atrial
fibrillation) and protocol parameters (acquisi-
tion time, contrast dose, heart rate and use of
120-kV tube voltage), were analyzed in order
to identify predictors of a higher radiation dose
(defined as higher than the median in the pop-
ulation). Variables identified as predictors on
univariate analysis were combined in a logistic
regression model to determine independent
predictors of use of higher radiation doses.

Acquisition protocol and image
reconstruction

All scans were performed with a dual-source
64-slice scanner (Somatom Definition, Siemens
Medical Systems, Forchheim, Germany), with
the patient in dorsal decubitus and in deep
inspiration breath-hold. Sublingual nitroglyc-
erin was administered to all patients except
when contraindicated. No beta-blockers were
administered specifically for the exam.

Tube voltage was 100 or 120 kV, depend-
ing on BMI. ECG-gated tube current, which
reduces current by 20% in phases of the car-
diac cycle that are not used for assessment of
the coronary arteries, was used except for
patients in atrial fibrillation. Pitch was varied
according to heart rate, this adjustment being
carried out automatically by the equipment.
Transaxial images were reconstructed with a
temporal resolution of 83 ms and slice thick-
ness of 0.75 mm with 0.4 mm increments.
Post-processing  was carried out using
Circulation® software, with multiplane recon-
structions, maximum intensity projection and
volume rendering technique.

The contrast medium used was intravenous
iodixanol (320 mg/ml — Visipaque®) in a 6 ml/s
infusion. The quantity of contrast was calculat-
ed according to the following formula: (acquisi-
tion time + 6 s delay) x flow (6 ml/s).

Contrast administration was followed by
flushing with 50 ml saline (6 ml/s).

Statistical analysis
SPSS version 17.0 was used for the statis-
tical analysis. Continuous variables are pre-




temporal de 83ms, a espessura dos cortes de
0,75mm, com incrementos de 0,4mm. Foi feito
0 pés-processamento numa consola com o
software Circulation, sendo utilizadas recons-
trugdes multiplanares (MPR), de projecgio de
intensidade méxima (MIP) e de volume (VRT).

Foi utilizado meio de contrastre (Iodixanol
320 mg/mL — Visipaque®) endovenoso, a uma
infusdo de 6 ml/seg. A quantidade de contras-
te dependeu da duracdo da aquisicao e foi cal-
culada pela seguinte férmula: (duragdo da aqui-
si¢do + delay 6 seg) x fluxo (6ml/seg) .

A injecgdo de contraste foi seguida de um

Sflush de 50 mL de soro fisiolégico (6 mL/seg).

ANALISE ESTATISTICA

A andlise estatfstica foi efectuada utilizando
a aplicag@o SPSS Statistics 17,0 para Windows.
As varidveis continuas apresentam-se como
mediana (intervalo interquartil) e as categéricas
como nimero (n) ou frequéncia (%).

Para comparar diferengas entre varidveis
continuas, utilizaram-se os testes néo paramé-
tricos de Mann-Whitney ou Kruskal-Wallis e o
Chi quadrado foi aplicado para testar diferen-
¢as em frequéncias. A andlise multivariada foi
efectuada através de um modelo de regressao
logistica.

Aceitou-se existir diferenga significativa
quando p<0,05 (duas caudas).

RESULTADOS

Os resultados apresentam-se na Tabela I.

A mediana da idade foi de 59 (52-66) anos,
60% dos individuos eram do sexo masculino e
o IMC foi de 26 (24-29) kg/m* O tempo de
aquisi¢do foi de 8 (7-10) segundos, foi admi-
nistrado 84 (78-96) mL de contraste e a dose
de radiacdo foi de 6,6 (5,4-10,7) mSv. A fre-
quéncia cardfaca durante a aquisi¢do foi 65
(56-75) bpm, nao tendo sido efectuada re-
dugao adicional da frequéncia cardiaca para a
aquisi¢do. Ndo se verificaram diferencas entre
os quartis analisados relativamente a estas va-
ridveis.

A mediana da dose de radiacéo foi de 6,6
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sented as medians (interquartile range) and
categorical variables as frequencies (n) or per-
centages (%).

The non-parametric Mann-Whitney or
Kruskal-Wallis tests were used to compare
continuous variables, and the chi-square test
to test differences in frequencies. Multivariate
analysis was performed using a logistic regres-
sion model.

Differences were taken to be significant

when p<0.05 (two-tailed).

RESULTS

The results are presented in Table I.

The patients’ median age was 59 (52-66)
years, 60% were male and BMI was 26 (24-
29) kg/m?. Acquisition time was 8 (7-10) s, 84
(78-96) ml of contrast was administered and
the radiation dose was 6.6 (5.4-10.7) mSv.
Heart rate during acquisition was 65 (56-75)
bpm, with no additional heart rate lowering
being carried out. No differences were
observed between quartiles in terms of these
variables.

There was a progressive reduction in the
median radiation dose over time (Q1: 8.9 [5.9-
14.1], Q2: 6.6 [5.5-10.7], Q3: 6.4 [5.3-8.7],
Q4: 6.1 [5.2-7.9] mSv). This difference was
significant when the first quartile was com-
pared with the others (Figure 2).

A tube voltage of 100 kV was used in 78%
of the exams. There was a progressive
increase in the use of this voltage over time
(Q1: 54%, Q2: 79%, Q3: 87%, Q4: 91%;
p<0.001) (Figure 2).

On univariate analysis, predictors of a
higher radiation dose (above the median) were
male gender, higher BMI, previous cardiac
surgery, previous ML, atrial fibrillation during
acquisition, longer acquisition time and use of
a tube voltage of 120 kV (Table II).

On multivariate analysis, predictors of a
higher radiation dose were higher BMI, previ-
ous cardiac surgery, atrial fibrillation during
acquisition, longer acquisition time and use of
a tube voltage of 120 kV (Table I1I).

Patients with one or more of the following:
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Tabela L. Resultados da populagdo total e apés divisdo em quartis das varidveis estudadas

Total Q1 Q2 Q3 Q4 p
n 043 161 101 101 160 NS
Idade (anos) 59 (52-66) 58 (52-64) 59 (51-68) 61 (51-67) 59 (52-67) NS
% sexo li 60 69 53 63 56 NS
IMC (kg/m?) 26 (24-29) 27 (24-29) 26 (24-29) 26 (24-28) 27 (24-29) NS
FRCV (n) 2 (1-3) 2 (1-3) 1(1-3) 2(1-3) 0,01
Dose de contraste (mL) 84 (78-96) 84 (78-90) 84 (78-96) 84.0 (72-90) NS
Duragiio aquisicdo (seg) 8 (7-10) 8(7-9) 8(7-10) 8 (6-10) NS
FC média (bpm) : 65 (56-75) 64 (54-72) 65 (57-76) 66 (57-76) NS
Dose de radiagdo (mSv) 6,6 (5,4-10,7) 8,0 (5.9-14,1) 6,6 (5.5-10,7) 6.4 (5.3-8,7) 6,1 (5.2-7.9) <005
% 100 Kv 78 54 9 87 91 <0.01
FC: frequéncia cardiaca; FRCV: idice de RFCV; IMC: Indice de massa corporal
Table 1. Variables studied for the total study population and divided into quartiles

Total Q1 Q2 Q3 Q4 p
n 643 161 161 161 160 NS
Age (years) 59 (52-66) 58 (52-64) 59 (51-68) 61 (51-67) 59 (52-67) NS
%o male 60 69 53 63 56 NS
BMI (kg/m?) 26 (24-29) 27 (24-29) 26 (24-29) 26 (24-28) 27 (24-29) NS
CVRF (n) 2 (1-3) 2 (1-3) 2 (1-3) 1(1-3) 2 (1-3) 0.01
Contrast dose (ml) 84 (78-96) 84 (78-96) 84 (78-90) 84 (78-96) 84,0 (72-90) NS
Acquisition lime (s) 8 (7-10) 8 (7-10) 8(7-9) 8(7-10) 8 (6-10) NS
Mean HR (bpm) 65 (56-75) 65 (56-75) 64 (54-72) 65 (57-76) 66 (57-76) NS
Radiation dose (mSv) 6.6 (5.4-10.7) 8,0 (5.9-14.1) 6.6 (5.5-10.7) 6.4 (53-8.7) 6.1(52-1.9) <005
% 100 kV tube voltage 78 54 9 87 91 <0.01

BMI: body mass index: CVRF: cardiovascular risk factors: HR: heart rate

(5,4-10,7) mSv e verificou-se uma redugio
progressiva ao longo do tempo [Q1: 8,9 (5,9-
14,1), Q2: 6,6 (5,5-10,7), Q3: 6,4 (5,3-8,7),
Q4: 6,1 (5,2-7,9)]. Esta diferenga foi
significativa quando o primeiro quartil foi
comparado com os restantes (Figura 2).

Em 78% dos exames utilizou-se uma
voltagem da ampola de 100 kVs. Houve um
aumento progressivo da seleccdo desta
voltagem com o tempo (Q1: 54%, Q2: 79%,
Q3: 87%, Q4: 91%; p<0,001 — Figura 2).

Por andlise univariada, os preditores de
uma dose de radiagdo alta (acima da mediana)
foram: sexo masculino, maior IMC, cirurgia
cardfaca prévia, enfarte de miocérdio prévio,
ritmo de fibrilhagdo auricular na aquisicdo,
maior tempo de aquisi¢do ou dose de contraste
administrada, menor frequéncia cardfaca e
utilizagdo de uma voltagem da ampola de 120
kV (Tabela II).

Por anédlise multivariada, os preditores de
uma dose de radiagfio alta foram: maior IMC,
cirurgia cardfaca prévia, presenca de fibrilha-
¢do auricular na aquisi¢@io, maior tempo de
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BMI >32.4 kg/m? (the best cutoff to predict
high radiation dose), previous cardiac surgery,
atrial fibrillation during acquisition or acqui-
sition time >10 s (the best cutoff to predict
high radiation dose) made up 38% of the pop-
ulation. Radiation dose was higher in this sub-
group than in patients without any of these
characteristics (12.1 [9.5-14.8] vs. 5.7 [5.0-
6.7] mSyv, p<0.001).

DISCUSSION

In this study we set out to identify the fac-
tors associated with a higher radiation dose in
cardiac CT angiography. The use of a 120-kV
tube voltage was a predictor of a higher radia-
tion dose, as was higher BMI, since this meant
the voltage could not be reduced. Longer
acquisition time and higher contrast dose
(which, as it depends on the former, lost its
predictive value on multivariate analysis)
were also associated with higher radiation
dose.
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p<0.05
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Figura 2. Representagio gréfica da evolugdo da dose de radiagio de acordo com os quartis de tempo. A percentagem inclufda nas
colunas representa a propor¢éo de utilizagdo de 100 kV como voltagem da ampola (versus 120 kV)

Figure 2. Chart showing changes in radiation dose by quartiles of time. The percentages in the columns represent the proportion of use
100 kV tube voltage (vs. 120 kV)

Tabela I1. Varidveis testadas para preditores de dose de radiagio elevada por andlise univariada

Dose de radia¢io

Abaixo da mediana (6,6mSv) Acima da mediana (6,6mSv) P
Varidveis demogrificas
[dade (anos) 58 (52-65) 60 (51-68) 0.202
Sexo masculino (%) 50 68 <0,001
Variaveis clinicas
=1 FRCV (%) 83% 87% 0,
IMC (k¥/m?) 26 (24-28) 27 (25-30) <0,001
Cirurgfa cardiaca prévia (%) 1% 11% <0,001
Enfarte de miocdrdio prévio (%) 5% 10% 0,010
FA (%) 0% 11% <0,001
Variaveis do protocolo
Tempo de aquisi¢ao (seg) 7(6-8) 9(7-11) <0,001
Dose de contraste 78 (72-84) 90 78-102) <0,001
Frequéncia cardiaca 68 (60-77) 63 (54-73) <0,001
Voltagem da ampolal20 kV 2% 41% <0,001

FA: Fibrilhagao auricular; FRCV: Factores de Risco Cardiovasculars; IMC: ndice de Massa Corporal;

Table II. Variables tested to identify predictors of higher radiation dose on univariate analysis.

Radiation dose

Below median (6.6mSv) Above median (6.6mSv) P
Demographic variables
Age (years) 58 (52-65) 60 (51-68) 0,202
% male 50 68 <0.001
Clinical variables
=1 CVRF (%) 83% 87% 0.170
BMI (kg/m?) 26 (24-28) 27 (25-30) <0.001
Previous cardiac surgery (%) 1% 11% <0.001
Previous MI (%) 5% 10% 0.010
AF (%) 0% 11% <0.001
Protocol parameters
Acquisition time (s) 7(6-8) 9(7-11) <0.001
Contrast dose 78 (72-84) 90 78-102) <0.001
Heart rate 68 (60-77) 63 (54-73) <0.001
120 kV tube voltage 2% 41% <0.001

AF: atrial fibrillation; BMI: body mass index: CVRF: cardiovascular risk factor; MI: myocardial infarction 1661
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aquisicdo e o uso 120 kV como voltagem da
ampola (Tabela I1I).

Doentes com pelo menos uma das seguin-
tes varidveis de: IMC >32,4 kg/m* (melhor
limiar para discriminar radiagdo alta), cirurgia
cardfaca prévia, aquisi¢do em fibrilha¢do au-
ricular ou duragdo da aquisi¢do >10s (melhor
limiar para discriminar radia¢@o alta) cons-
titufram 38% da populacdo. Neste subgrupo, a
dose de radiag@o fol superior, quando compa-
rados com a auséncia de todas estas carac-
terfsticas [12,1 (9,5-14,8) versus 5,7 (5,0-6,7),
p<0,001].

DISCUSSAO

Neste trabalho procurdmos identificar os
factores associados a uma dose de radiacdo
superior, na AngioTC cardfaca. A utilizagio
de uma voltagem da ampola de 120 kV foi um
preditor de maior dose de radiagdo. Em
concordancia com este achado, um elevado
IMC, pela impossibilidade de se reduzir a
voltagem da ampola, associou-se a uma maior
dose de radiagdo. Um maior tempo de aqui-
si¢do e maior dose de contraste (que, depen-
dendo da anterior, perdeu o valor preditor por
andlise multivariada) associaram-se igual-
mente a uma dose de radia¢@o superior.

O tempo de aquisi¢gdo maior aumenta a
dose de radiacdo, por traduzir uma maior drea
corporal adquirida ou por estarmos na pre-
senga de frequéncias cardfacas mais lentas,
aumentando o tempo de didstole e a duragfo
da aquisi¢do nesta fase do ciclo cardfaco. A
frequéncia cardfaca baixa, quando analisada
isoladamente, também foi um preditor de
maior dose de radia¢do. Igualmente, a pre-
senga de cirurgia cardfaca prévia, associou-se
a uma maior dose de radiacdo. Isto resulta de
uma maior prevaléncia de doentes com re-
vascularizagdo miocdrdica cirtdrgica, o que
aumenta a janela de aquisi¢do, para incluir as
pontagens. Jd4 a presenca de enfarte de
miocdrdio prévio, que também foi preditor de
maior dose de radiacdo, perdeu este valor na
andlise multivariada, possivelmente pelo
efeito de incluir neste grupo doentes com
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Longer acquisition time increases radia-
tion dose and may reflect a larger body surface
area scanned or lower heart rate causing pro-
longed diastole and hence acquisition time.
Low heart rate, when analyzed in isolation,
also predicted higher radiation dose, as did
previous cardiac surgery (due to the high pro-
portion of patients with previous CABG who
required a longer acquisition window in order
to include the grafts). Previous MI, which was
a predictor of higher radiation dose on uni-
variate analysis, lost its predictive value on
multivariate analysis, possibly because this
group included patients with previous CABG.
Finally, atrial fibrillation during acquisition
was associated with higher radiation dose,
since it prevented ECG pulsing (see below).

Other studies have likewise found that
greater body weight and absence of a stable
sinus rhythm are associated with higher radi-
ation doses .

After excluding the main predictors of
higher radiation dose (BMI >32.4 kg/m2, pre-
vious cardiac surgery, atrial fibrillation during
acquisition, and acquisition time >10 s), a
subgroup of two-thirds of the population was
identified in whom the radiation dose was sig-
nificantly lower (5.7 mSv), a reduction of
53%.

As well as identifying the variables associ-
ated with higher radiation dose, we found that
there was a progressive reduction in radiation
dose over time, due to the increasing avail-
ability of low-radiation protocols, such as lim-
iting tube voltage to 100 kV, which did not
exist when our center began operating. There
has also been progressive optimization of
acquisition protocols to individual patient
characteristics, which also helps reduce radi-
ation dose.

There have been few studies analyzing
changes in radiation dose over time. A study
by Hausleiter et al. showed that a 12-month
increase in experience in cardiac CT angiog-
raphy was associated with a reduction of 1%
in radiation dose ®. Another, presented by
Bettencourt de Sousa et al. at the 2008
Congress of the European Society of Cardiac
Radiology, demonstrated an inverse relation-
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Tabela I11. Preditores independentes de dose de radiagdo elevada por andlise multivariada

Varidvel HR 1C (95%) p
MC 1,129 1,038-1,229 0,045
Cirurgia cardfaca prévia 5.776 1,042-32.28 0,003
FA 30,874 3,247-293,617 <0,001
Duragdo da aquisi¢ao 1,975 1,672-2.334 <0,001
120 kV 71,394 23,363-218,170 <0,001
FA: Fibrilhagao Auricular; HR: Hazard Ratio; IC: Intervalos de Confianca; K: Indice de Massa Corporal

Table ITI. Independent predictors of higher radiation dose on multivariate analysis.

Variable HR CI (95%) p
BMI 1.129 1.038-1.229 0.045
Previous cardiac surgery 5.776 1.042-32.28 0.003
AF 30,874 3.247-293.617 <0.001
Acquisition time 1.975 1.672-2.334 <0.001
120 kV tube voltage 71.394 23.363-218.170 <0.001

AF: atrial fibrillation; BMI: body mass index; CI: confidence interval; HR: hazard ratio

revascularizagdo miocdrdica cirtrgica prévia.
Finalmente, a presenca de fibrilha¢ao auricular
na aquisigfio associou-se a maior dose de ra-
dia¢ao administrada por prejudicar a aquisi¢ao
com “ECG gating” (descrito abaixo).

Em concordancia com o encontrado, outros
estudos verificaram que maior peso e a ausén-
cia de um ritmo sinusal estdvel, se associava a
uma maior dose de radia¢do utilizada®.

Apés exclusio dos principais preditores de
elevada dose de radiacdo (IMC>32,4 kG/m?,
cirurgia cardfaca prévia, aquisi¢do em fibrilha-
¢do auricular, duracdo da aquisi¢do >10seg),
foi identificado um subgrupo, correspondente
a 2/3 da populacdo, em que a dose de radiagdo
foi significativamente menor (5,7 mSv, redu-
¢do de 53%).

Além de apurarmos as varidveis que se
associaram a uma dose superior de radiacdo,
verificimos que esta foi sendo progressiva-
mente menor ao longo do tempo. Contribufu
para este efeito o facto de terem surgido uma
maior disponibilidade de protocolos de baixa
radia¢do, como a limitagdo da voltagem da
ampola a 100 kV, que ndo estava presente no
inicio do funcionamento deste centro. Por ou-
tro lado, houve uma progressiva optimiza¢do
dos protocolos de aquisi¢fio as caracteristicas
dos doentes, com consequente reducdo da
dose de radiagao.

A informagdo disponivel no que respeita a
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ship between a center’s experience and radia-
tion dose, with a 22% reduction after 1000
exams®,

Reductions can be achieved by tailoring
the acquisition protocol to individual patient
characteristics®. Firstly, instead of rigidly
scanning from carina to diaphragm, the scan
range can be adjusted to the patient’s anatomy,
according to a prior low-dose scan for calcium
scoring ™. This is a simple way to reduce the
radiation used, since each 1 cm increase in
scan range is associated with an increase of
5% in radiation dose®. Secondly, the tube
voltage should be reduced to the lowest value
that will allow image quality to be maintained
for a given patient’s anatomic shape and for
the equipment used”. Reducing tube voltage
from 120 to 100 kV considerably reduces
radiation dose, since this varies with the
square of the tube voltage®. In suitable
patients (nonobese), this measure can lead to
a reduction of 40-46% in radiation dose with-
out compromising image quality®?. Finally,
since cardiac motion is least during diastole,
diastolic image reconstructions are most like-
ly to be free of motion artifacts, and so restrict-
ing maximum tube current to a predefined
time window during diastole and decreasing it
during the rest of the cycle (ECG pulsing) can
reduce total radiation while maintaining
image quality “*'0. In the extreme form of this
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andlise da variagfio da dose de radiagdo com a
evolugdo temporal é escassa. Um trabalho de
Hausleiter demonstrou que um aumento de 12
meses de experiéncia na realizagiio de
AngioTC cardiaca se associou a uma dimi-
nuigdo da dose de radiagdo de 1%". Um outro
trabalho, apresentado por Bettencourt de
Sousa no Congresso da Sociedade Europeia de
Radiologia Cardfaca 2008, demonstrou a
presenca de uma relago inversa entre a ex-
periéncia do centro e a dose de radiagdo uti-
lizada (redugéo de 22% apés 1000 exames)®.

Esta reducdo na dose de radiacdo pode
conseguir-se ajustando os pardmetros do pro-
tocolo de aquisi¢do as caracterfsticas indi-
viduais dos doentes®. Em primeiro lugar, em
vez da aquisi¢io de imagens se estender
sistematicamente da carina ao diafragma, esta
deve ser ajustada de acordo com a anatomia
de cada doente, de acordo com uma primeira
passagem com baixa dose de radiagdo para
score de cdlcio®. Esta é uma técnica facil para
reduzir a radiacdo utilizada, j4 que por cada
centimelro a mais na extensdo de aquisi¢do de
imagens hd um aumento de 5% na dose de
radiacdo”. Em segundo lugar, a corrente da
ampola deve ser reduzida para o valor mais
baixo que se espere manter uma boa qua-
lidade de imagem para determinado biétipo de
doente e aparelho de AngioTC. Uma redugao
da voltagem da ampola de 120 kV para 100
kV diminui consideravelmente a dose de
radiacdo, j4 que esta varia com o quadrado da
voltagem”. Em doentes apropriados (IMC néo
elevado) esta medida pode levar a uma
redugdo de 40-46% da dose de radiagdo sem
comprometer a qualidade da imagem“®. Fi-
nalmente, tendo em conta que o movimento
cardfaco é menor durante a didstole, as re-
construgdes de imagem efectuadas nesta fase
serdo, com maior probabilidade, livres de
artefactos de movimento. Assim, limitando a
corrente mdxima da ampola a uma porgéo pré-
definida da didstole e diminuindo-a no res-
tante ciclo cardfaco, pode diminuir-se a radia-
¢do total utilizada, mantendo a possibilidade
de obter imagens de qualidade (técnica
denominada “ECG pulsing”)* . Levando
este protocolo ao extremo, pode ligar-se ape-
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protocol, prospective gating, the X-ray tube is
only switched on during part of diastole and is
switched off for the rest of the cardiac cycle,
resulting in sequential rather than spiral scan-
ning. This protocol requires a stable heart rate
below 65 bpm and hence intravenous beta-
blockers are often needed ®. Although it
results in a substantial reduction in radiation
dose, this technique does not provide func-
tional information such as ventricular or valve
function ®?. A combination of 100 kV tube
voltage and prospective gating can achieve an
impressive reduction of 90% .

Although the debate on the use of radiation
in imaging studies has focused on cardiac CT
angiography, it should be remembered that
other common techniques use radiation. In
2006, cardiac CT angiography accounted for
only 3% of the collective radiation exposure
resulting from medical exams in the US .
Considering only cardiological exams, the
mean radiation dose in coronary angiography
is 7 mSv, while for myocardial perfusion
scintigraphy it is 15.7 mSv. The latter exam
accounted for 22.1% of radiation exposure
resulting from diagnostic exams (cardiac or
non-cardiac) in the US2.

CONCLUSION

In this study of consecutive patients under-
going cardiac CT angiography, independent
predictors of higher radiation dose were high-
er body mass index, previous cardiac surgery,
atrial fibrillation during acquisition, longer
acquisition time and use of a tube voltage of
120 kV. In two-thirds of the study population,
none of these characteristics was present and
radiation dose was significantly lower (5.7
mSv). Over time, it has been possible to
reduce the radiation dose used in these
exams, as a result of the development of new
protocols and progressive optimization of
existing protocols and by adapting them to
individual patient characteristics.




nas a ampola durante parte da didstole e
desligd-la no restante ciclo cardfaco com
aquisicdo ndo helicoidal (“gating prospec-
tivo”). Este protocolo requer uma frequéncia
cardfaca estével e inferior a 65 batimentos por
minuto, com necessidade frequente da utiliza-
¢do de betabloqueantes endovenosos®. Ape-
sar de diminuir bastante a dose de radiagio
utilizada, ndo permite obter informagdo fun-
cional (ex: fungfio ventricular ou valvular)®?.
A combinagfo da utilizagdo de uma voltagem
da ampola de 100 kV e a aquisi¢do prospec-
tiva podem conseguir uma impressionante
redugdo de 90%".

Embora o debate sobre o uso de radiagio
em exames de imagem se tenha centrado na
AngioTC cardfaca, deve referir-se que outras
técnicas frequentemente utilizadas usam ra-
diagdo. Em 2006, a AngioTC cardiaca cor-
respondeu apenas a cerca de 3% da dose
colectiva de radiagdo recebida em conse-
quéncia de exames médicos"". Considerando
apenas os exames na 4drea da cardiologia,
referimos que a dose de radiagao usada numa
coronariografia 7 mSv e de uma cintigrafia de
perfusdo miocdrdica é de 15,6 mSv. Este
dltimo exame foi responsdvel por 22,1% da
exposicdo de radiagdo em consequéncia da
realizacdo de exames complementares de
diagnéstico (cardfacos ou ndo cardiacos)!?.

Pedro Jerénimo Sousa, et al.

Rev Port Cardiol 2010; 29: 1655-1665

CONCLUSAO

Nesta andlise de doentes consecutivos
submetidos a AngioTC cardfaco, foram predi-
tores independentes de maior dose de radia-
¢do um elevado indice de massa corporal,
antecedentes de cirurgia cardfaca, presenca
de fibrilha¢@io auricular na aquisi¢dio, maior
tempo de aquisi¢cdo e o uso 120 kV como
voltagem da ampola. Em 2/3 da nossa popu-
lagdo, nenhuma destas caracterfsticas estd
presente e a dose de radiacdo é significa-
tivamente mais baixa (5,7mSv). Ao longo do
tempo tem sido possivel diminuir a dose de
radiagdo utilizada nestes exames, resultante
do aparecimento de novos protocolos e por
uma progressiva optimizagdo dos jd dispo-
adaptando-os as caracterfsticas
individuais de cada doente.
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Abstract: Introdugdo

Os exames diagndsticos que usam radiagdo ionizante tém um papel central na Cardiologia e a par do
seu uso crescente, tem aumentado a preocupagdo pelos seus potenciais efeitos estocasticos.

Os objectivos deste estudo foram: 1) Comparar a dose de radiagdo de trés exames: Cintigrafia de
perfusdo miocardica (SPECT), coronariografia invasiva (CAT) e tomografia computorizada cardiaca
(AngioTC) e a sua evolugdo temporal. 2) Avaliar o impacto do indice de massa corporal na dose de
radiagdo.

Métodos

Doentes consecutivos incluidos em trés registos prospectivos (SPECT, CAT e AngioTC) durante 2 anos.
A dose de radiagio foi convertida a mSv e comparada entre os trés registos. A evolugdo temporal foi
avaliada por comparagdo do primeiro e quarto semestres.

Resultados

Foram avaliados 6196 exames: 35% SPECT, 53% CAT e 22% AngioTC. A dose de radiagéo foi: 10.7+1.2
mSv para o SPECT; 8.1+6.4 mSv para o CAT; 5.4+3.8 mSv para a AngioTC (p<0.001 todas comparagdes).
Evolugdo temporal da dose de radiagdo: redugdo muito ligeira no SPECT (10.7 para 10.5 mSv;
p=0.004); aumento significativo (25%) no CAT (7.0 para 8.8 mSv; p<0.001); redugéo significativa
(29%) na AngioTC (6.5 para 4.6 mSv; p<0.001). A obesidade associou-se a niveis de radia¢do
significativamente mais elevados nos 3 exames.
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Conclusdo

0 exame associado a uma menor dose de radiagdo foi a AngioTC, seguida do CAT que, por sua vez, foi
menor que a do SPECT. Houve um aumento significativo da dose de radiagdo no registo CAT e uma
redugdo significativa no registo da AngioTC ao longo do tempo.

Background

Diagnostic tests that use ionizing radiation play a central role in cardiology and their use has grown in
the last years, leading to an increasing concern because of their potential stochastic effects.

The aims of this study were: 1) To compare the radiation dose of three diagnostic tests: Single-Photon
Emission Computed Tomography (SPECT), Invasive Coronary Angiography (ICA) and Cardiac
Computed Tomography (Cardiac CT) and their time trends. 2) To evaluate the impact of body mass
index in the radiation dose.

Methods

Consecutive patients included in three prospective registries (SPECT, ICA and Cardiac CT) during 2
years.

Radiation dose was converted to mSv and compared between the 3 registries.

Differences over time were evaluated by comparing the first with the forth semesters.

Results

6196 exams were evaluated: 35% were SPECT, 53% ICA and 22% Cardiac CT. Mean radiation dose
was: 10.7+1.2 mSv for SPECT; 8.1+6.4 mSv for ICA; 5.4+3.8 mSv for Cardiac CT (p<0.001 for all).
Radiation dose over time: Very small reduction in SPECT’s (10.7 to 10.5 mSv, p=0.004); significant
increase (25%) in ICA (7.0 to 8.8 mSv; p<0.001); significant reduction (29%) in Cardiac CT (6.5 to 4.6
mSv, p<0.001). Obesity was associated with a significantly higher radiation dose, across the different
exams.

Conclusions

Cardiac CT had a mean radiation effective dose lower than Invasive Coronary Angiography, which, in
turn, had a mean radiation effective dose lower than SPECT.

There was a significantly increase in the ICA registry and a significantly decrease in Cardiac CT registry
radiation dose over time.
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RESUMO

Introdugdo

Os exames diagndsticos que usam radiagdo ionizante tém um papel central na
Cardiologia e a par do seu uso crescente, tem aumentado a preocupacdo pelos seus
potenciais efeitos estocésticos.

Os objectivos deste estudo foram: 1) Comparar a dose de radiagdo de trés exames:
Cintigrafia de perfusdo miocérdica (SPECT), coronariografia invasiva (CAT) e tomografia
computorizada cardiaca (AngioTC) e a sua evolugdo temporal. 2) Avaliar o impacto do

indice de massa corporal na dose de radiagdo.

Métodos
Doentes consecutivos incluidos em trés registos prospectivos (SPECT, CAT e AngioTC)
durante 2 anos. A dose de radiagdo foi convertida a mSv e comparada entre os trés

registos. A evolugdo temporal foi avaliada por comparagdo do 12 e 42 semestres.

Resultados

Foram avaliados 6196 exames: 35% SPECT, 53% CAT e 22% AngioTC. A dose de radiagdo
foi: 10.7£1.2 mSv para o SPECT; 8.1+6.4 mSv para o CAT; 5.4+3.8 mSv para a AngioTC
(p<0.001 todas comparagdes).

Evolugdo temporal da dose de radiagdo: redugdo muito ligeira no SPECT (10.7 para 10.5
mSv; p=0.004); aumento significativo (25%) no CAT (7.0 para 8.8 mSv; p<0.001);

redugdo significativa (29%) na AngioTC (6.5 para 4.6 mSv; p<0.001). A obesidade
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associou-se a niveis de radiagdo significativamente mais elevados nos 3 exames.

Conclusdo

O exame associado a uma menor dose de radiagdo foi a AngioTC, seguida do CAT que,
por sua vez, foi menor que a do SPECT. Houve um aumento significativo da dose de
radiagdo no registo CAT e uma redugdo significativa no registo da AngioTC ao longo do

tempo.
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ABBREVIATIONS

Cardiac CT: Cardiac Computed Tomography
ICA: Invasive Coronary Angiography
SPECT: Single-Photon Emission Computed Tomography

BMI: Body mass index
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INTRODUCTION

In recent years, the development of imaging techniques using ionizing radiation has
resulted in considerable progress in the diagnosis and treatment of heart diseases. For
the evaluation of patients with possible coronary artery disease, three commonly used
diagnostic modalities use ionizing radiation: Single Photon Emission Computerized
Tomography (SPECT), Cardiac Computed Tomography (Cardiac CT) and Invasive
Coronary Angiography (ICA), the later being considered the gold standard for coronary
artery disease diagnosis. (1)

Different dosages of radiation have been reported for each of these exams, ranging
from 5 to 10 mSv for ICA, 6 to 15 mSv for SPECT, and 4 to 21 mSv for Cardiac CT. (2-5)
With the more frequent use of these exams, there have been growing concerns about
radiation’s potential secondary effects, especially the stochastic effects related to the
high cumulative doses over time (6, 7).

We have previously reported on the radiation effective dose associated with cardiac CT
in a single center registry, documented a significantly decrease in dose over time, and
were able to identify the predictors of higher dose. (8)

Recently, new scanners and acquisition protocols were developed which lead to
significant reductions in radiation dose associated with cardiac CT (9, 10).

The aims of this study were: 1) To evaluate and compare the radiation effective dose
used in three diagnostic tests: SPECT, ICA and Cardiac CT, as well as their time trends. 2)

To evaluate the impact of body mass index (BMI) in the radiation dose.
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METHODS

From three prospective registries of SPECT, ICA and Cardiac CT, we selected for this
analysis the exams performed during two consecutive years (01/October/2008 to
30/September/2010) and in which the indication was the evaluation of possible
coronary artery disease.

The exams were performed with: Gamma-camera SMV DST-SX using 99mTc-tetrofosmin
with stress / rest protocol (SPECT registry); Siemens Coroscop top / ARTIS dFC (ICA
registry) and Siemens Dual Source Somaton definition CT (Cardiac CT registry). Radiation
effective dose was converted to mSv (according with current literature references and
manufacturer information) and compared between the registries. Briefly, for the
conversion of cardiac CT dose length product (DLP) a conversion factor of 0.014 mSv Gy ~
* em™ was used (9, 11); for the conversion of the ICA dose area product (DAP), a
conversion factor of 0.183 mSv Gy * cm™ was used (12, 13) ; for the conversion of the
SPECT injected activity the conversion factors of 0.0060 mSv MBq™ (after exercise) and
0.0071 mSv MBq* (at rest) were used (14-16).

To evaluate the time trend in radiation doses, the population was divided in 4 semesters
according to the date of the exam and radiation effective dose was compared between
the first and the last semester in each registry. All prospectively collected variables in

the respective registries were analyzed looking for predictors of dose change over time.

STATISTICAL ANALYSIS

Continuous variables are presented as mean + standard deviation (otherwise specified),
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and categorical variables as number (n) or frequency of patients (%).

Continuous variables were analyzed using Mann-Whitney or the Kruskal-Wallis
nonparametric tests. Chi squared was used to test for differences in the frequencies.
Statistical significance was accepted for 2-sided P values <0.05.

Statistical analysis was performed using SPSS Statistics 17.0 for Windows.

RESULTS

During the 2 years included in this analysis, 6196 exams were performed: 3267 (52.7%)
were |CAs, 1585 (25.6%) were SPECTs and 1344 (21.7%) were Cardiac CTs. Population
demographic and clinical characteristics are presented in Table 1.

Mean radiation effective dose was 8.2+5.6 mSv for the whole population. Mean
radiation effective dose was 10.7+1.2 mSv for SPECT, 8.1+6.4 mSv for ICA and 5.4+3.8
mSv for Cardiac CT (p<0.001 for all comparisons, Figure 1).

After the population was divided in semesters, the temporal analysis showed that there
was a very small but significant reduction in SPECT’s mean radiation effective dose (10.7
to 10.5 mSy; p<0.01). In Cardiac CT there was a significant 29% decrease (6.5 to 4.6 mSv,
p<0.001) and in the ICA registry a significant 25% increase in mean radiation effective
dose with time (7.0 to 8.8 mSv; p<0.001) (table 2 and figure 2).

Considering the 25% increase in ICA’s mean radiation effective dose from the first to the
forth semester, the variables associated with this increase were: higher proportion of

positive exams, of radial vascular access and of exams performed by fellows in training

10
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(Table 3). In the first semester 39% of the ICAs progressed to percutaneous coronary
intervention, while in the fourth semester this proportion increased to 42% (p<0.001).
Regarding vascular access, in the first semester only 1% of the ICAs were performed by
radial access, while in the fourth semester this proportion increased to 46%. In our
population, the use of a radial vascular access was associated with a mean increase in
15% of the radiation effective dose (from 7.8 mSv with femoral to 9.0 with radial access,
p<0.001). Finally, the proportion of exams performed by fellows in training increased
from 26% in the first semester to 52% in the fourth. In this registry, when the exam was
performed by a fellow in training there was a mean increase in 29% of the radiation
effective dose (from 7.3 mSv with a senior operator to 9.4 mSv with a fellow operator,
p<0.001).

Considering the decrease in Cardiac CT radiation effective dose, the only variable
associated with this decrease was the use of the prospective (“step-and-shoot”)
acquisition. The use of prospective acquisition protocol was associated with a decrease
of 60% in radiation effective dose. In the first semester there were no exams performed
with this acquisition protocol while in the fourth semester 45% were acquired
prospectively (Table 3).

The influence of body mass index in mean radiation effective doses was also evaluated.
There was a significantly higher dose in obese patients (BMI 230 kg/m?) as compared to
overweight patients which in turn was higher that that of patients with normal weight

(BMI <25kg/m?) — figure 3.
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DISCUSSION

In this analysis, we found significantly different radiation effective doses associated with
common diagnostic tests used in Cardiology. The dose was higher for SPECT, followed by
ICA and lower for Cardiac CT. Furthermore, in the present registry we found some time
trends in the mean radiation effective dose associated with ICA and Cardiac CT, related
to different clinical and procedural methodologies.

The biologic effects of ionizing radiation are related with the cumulative effective doses,
and doses above 100 mSv have been linked to stochastic effects like the development of
cancer, while the effects of lower levels of radiation, common in diagnostic X-ray
imaging, are much less clear (4, 17). Although some theoretical models like the dose
threshold and the hormetic models have been proposed, the more conservative linear
no-threshold model is widely accepted and in this regard it is assumed that no level of
radiation is without risk (4, 17).

This is the reason that procedures that use ionizing radiation should be performed in
accordance with the As Low As Reasonably Achievable (ALARA) philosophy and
physicians ordering and performing cardiac imaging should be very familiar with the
dosage of radiation from cardiac diagnostic tests and ways in which dose can be
minimized.

The mean radiation effective dose we found for each exam is in line with previously
published data (3, 4, 6, 18). Furthermore, we confirmed that there are variables that

influence the radiation effective dose delivered by these exams. For ICA, the radiation
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effective dose increased with the use of radial access and when operators had less
experience, which is in line with data previously published (13, 19). The higher radiation
dose in the ICA registry over time was also associated with a higher proportion of
positive exams. Although we did not quantify the radiation effective dose difference
between positive and negative ICAs, we could assume that positive tests needed more
cine angiograms of the coronary arteries with a consequent increase in radiation
effective dose used.

For Cardiac CT, the introduction and progressively more frequent use of the prospective
protocol during the study period was associated in our experience with a significant
decrease in the radiation effective dose in this exam, as was demonstrated by other
authors (20-22). Finally, for SPECT, the dose change over time was very small, and this
was expected since there were no protocol changes during the study period.

Mean radiation effective doses were significantly higher for obese patients in all the
evaluated exams. This was especially true for cardiac CT and ICA, with an almost
two fold difference in radiation dose between them and their normal weight
counterparts. In the SPECT registry, the effect of BMI was less pronounced. This
should be taken in consideration when selecting the appropriate diagnostic exam,
especially for those at higher risk from radiation exposure, like women and younger
patients (23). In line with this, special consideration should be taken regarding
cardiac CT dose, since patients in our registry undergoing cardiac CT were
significantly younger than patients in the ICA or the SPECT registries.

Although the present manuscript is focused on the comparison of the radiation dose

between 3 different diagnostic exams, other features should be regarded when
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comparing different imaging modalities. As cardiac CT and ICA require the
administration of iodinated contrast, some attention should be directed to the
presence of an impaired renal function and history of allergies; likewise, the
probability of coronary artery disease is considered to be also an important factor,
as SPECT and ICA are more adequate for patients at higher CAD probability (24, 25).
This way, all these features (dose of radiation, need for iodinated contrast and CAD
probability) should be taken into consideration when selecting the most

appropriate exam for each patient.

CONCLUSIONS

In these registries of diagnostic tests commonly used in cardiology, the radiation
effective dose used in Cardiac CT was lower than the one used in Invasive Coronary
Angiography, which, in turn, was lower than the effective dose used in SPECT. There was
a significant increase over time in the mean radiation effective dose associated with
Invasive Coronary Angiography, mainly related to the increase use of radial access, and a
decrease in Cardiac CT effective dose as a consequence of the implementation of the
prospective protocol. Obesity was associated with a significantly higher radiation dose,

across the different exams.
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FIGURE LEGENDS:

Figure 1. Mean radiation effective dose used in each exam studied.
SPECT: Single Photon Emission Computerized Tomography; Cardiac CT: Cardiac

Computed Tomography; ICA: Invasive Coronary Angiography

Figure 2. Time trends in mean radiation effective dose used in each exam.

SPECT: Single Photon Emission Computerized Tomography; Cardiac CT: Cardiac

Computed Tomography; ICA: Invasive Coronary Angiography

Figure 3: Mean radiation effective doses for each exam across different BMI classes.

SPECT: Single Photon Emission Computerized Tomography; Cardiac CT: Cardiac

Computed Tomography; ICA: Invasive Coronary Angiography; Body mass index

15

217



W J oUW N

REFERENCES:

1. Task Force on Myocardial Revascularization of the European Society of C, the
European Association for Cardio-Thoracic S, European Association for Percutaneous
Cardiovascular 1, Wijns W, Kolh P, Danchin N, et al. Guidelines on myocardial
revascularization. Eur Heart J. 2010 Oct;31(20):2501-55.

2. Hirshfeld JW, Jr., Balter S, Brinker JA, Kern MJ, Klein LW, Lindsay BD, et al.
ACCF/AHA/HRS/SCAI clinical competence statement on physician knowledge to
optimize patient safety and image quality in fluoroscopically guided invasive
cardiovascular procedures: a report of the American College of Cardiology
Foundation/American Heart Association/American College of Physicians Task Force
on Clinical Competence and Training. Circulation. 2005 Feb 1;111(4):511-32.

3. Einstein AJ, Moser KW, Thompson RC, Cerqueira MD, Henzlova M]. Radiation
dose to patients from cardiac diagnostic imaging. Circulation. 2007 Sep
11;116(11):1290-305.

4, Gerber TC, Carr JJ, Arai AE, Dixon RL, Ferrari VA, Gomes AS, et al. lonizing
radiation in cardiac imaging: a science advisory from the American Heart
Association Committee on Cardiac Imaging of the Council on Clinical Cardiology and
Committee on Cardiovascular Imaging and Intervention of the Council on
Cardiovascular Radiology and Intervention. Circulation. 2009 Feb 24;119(7):1056-
65.

5. Fazel R, Shaw LJ. Radiation exposure from radionuclide myocardial perfusion
imaging: concerns and solutions. ] Nucl Cardiol. 2011 Aug;18(4):562-5.

6. Fazel R, Krumholz HM, Wang Y, Ross JS, Chen ], Ting HH, et al. Exposure to
low-dose ionizing radiation from medical imaging procedures. N Engl ] Med. 2009
Aug 27;361(9):849-57.

7. Almeida AG. Cardiac computed tomography and radiation: balancing benefit
and risk. Rev Port Cardiol. 2010 Nov;29(11):1677-82.

8. Sousa PJ, Goncalves PA, Marques H, Raposo L, Cale R, Brito ], et al. Radiation
in cardiac CT: predictors of higher dose and its reduction over time. Rev Port Cardiol.
2010 Nov;29(11):1655-65.

9. Achenbach S, Marwan M, Ropers D, Schepis T, Pflederer T, Anders K, et al.
Coronary computed tomography angiography with a consistent dose below 1 mSv
using prospectively electrocardiogram-triggered high-pitch spiral acquisition. Eur
Heart]. 2010 Feb;31(3):340-6.

10. Duarte R, Bettencourt N, Costa JC, Fernandez G. Coronary computed
tomography angiography in a single cardiac cycle with a mean radiation dose of
approximately 1 mSv: initial experience. Rev Port Cardiol. 2010 Nov;29(11):1667-
76.

11. Hausleiter ], Meyer T, Hermann F, Hadamitzky M, Krebs M, Gerber TC, et al.
Estimated radiation dose associated with cardiac CT angiography. JAMA. 2009 Feb
4;301(5):500-7.

12. Betsou S, Efstathopoulos EP, Katritsis D, Faulkner K, Panayiotakis G. Patient
radiation doses during cardiac catheterization procedures. Br ] Radiol. 1998
Jun;71(846):634-9.

16

218



W J oUW N

13. Neill J, Douglas H, Richardson G, Chew EW, Walsh S, Hanratty C, et al
Comparison of radiation dose and the effect of operator experience in femoral and
radial arterial access for coronary procedures. Am J Cardiol. 2010 Oct 1;106(7):936-
40.

14. Cerqueira MD, Allman KC, Ficaro EP, Hansen CL, Nichols K], Thompson RC, et
al. Recommendations for reducing radiation exposure in myocardial perfusion
imaging. ] Nucl Cardiol. 2010 Aug;17(4):709-18.

15. Hesse B, Tagil K, Cuocolo A, Anagnostopoulos C, Bardies M, Bax ], et al.
EANM/ESC procedural guidelines for myocardial perfusion imaging in nuclear
cardiology. Eur ] Nucl Med Mol Imaging. 2005 Jul;32(7):855-97.

16. Myoview package insert. European Prescribing Information. Available at

http://www.gehealthcare.com/euen/molecular-imaging/congress/pdf/myoview-

pi.pdf.
17.  Einstein A]. Effects of radiation exposure from cardiac imaging: how good are

the data? ] Am Coll Cardiol. 2012 Feb 7;59(6):553-65.

18.  Kaufmann PA, Knuuti J. lonizing radiation risks of cardiac imaging: estimates
of the immeasurable. Eur Heart]. 2011 Feb;32(3):269-71.

19. Jolly SS, Yusuf S, Cairns ], Niemela K, Xavier D, Widimsky P, et al. Radial
versus femoral access for coronary angiography and intervention in patients with
acute coronary syndromes (RIVAL): a randomised, parallel group, multicentre trial.
Lancet. 2011 Apr 23;377(9775):1409-20.

20. Gopal A, Mao SS, Karlsberg D, Young E, Waggoner ], Ahmadi N, et al. Radiation
reduction with prospective ECG-triggering acquisition using 64-multidetector
Computed Tomographic angiography. Int ] Cardiovasc Imaging. 2009
Apr;25(4):405-16.

21. Stolzmann P, Leschka S, Scheffel H, Krauss T, Desbiolles L, Plass A, et al. Dual-
source CT in step-and-shoot mode: noninvasive coronary angiography with low
radiation dose. Radiology. 2008 Oct;249(1):71-80.

22. Ferreira AM, Lopes R, Correia Mda G, Gil V. Low-dose cardiac CT. Rev Port
Cardiol. 2010 Mar;29(3):459-62.

23.  Einstein A], Henzlova MJ, Rajagopalan S. Estimating risk of cancer associated
with radiation exposure from 64-slice computed tomography coronary angiography.
JAMA. 2007 Jul 18;298(3):317-23.

24. Taylor A], Cerqueira M, Hodgson JM, Mark D, Min ], O'Gara P, et al
ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/SCAI/SCMR 2010 appropriate use
criteria for cardiac computed tomography. A report of the American College of
Cardiology Foundation Appropriate Use Criteria Task Force, the Society of
Cardiovascular Computed Tomography, the American College of Radiology, the
American Heart Association, the American Society of Echocardiography, the
American Society of Nuclear Cardiology, the North American Society for
Cardiovascular Imaging, the Society for Cardiovascular Angiography and
Interventions, and the Society for Cardiovascular Magnetic Resonance. ] Am Coll
Cardiol. 2010 Nov 23;56(22):1864-94.

25. NICE clinical guideline 95. Chest pain of recent onset: assessment and
diagnosis of recent onset chest pain or discomfort of suspected cardiac origin.;

Available from: http://www.nice.org.uk/guidance/CG95.

17

219



Tabelas 1-3

Table 1. Population demographic and clinical characteristics

Cardiac CT ICA SPECT
(n=1344) (n=3267) (n=1585)
Age (years, meanz SD) 5912 66 +12 649
Male gender (%) 60% 61% 63%
BMI (Kg/m?) 27.3+4.3 273142 275+ 4.4
Diabetes (%) 16% 29% N/A
Hypertension (%) 57% 72% N/A
Dyslipidemia (%) 54% 57% N/A
Smoking Habits (%) 27% 31% N/A
Previous MI (%) 3% 17% N/A
Previous PCI (%) 7% 18% N/A
Previous CABG (%) 3% 7% N/A

Values are mean SD or percentages.
N/A: Not available

220



Table 2. Mean radiation effective dose for each exam across the 4 semesters.

st 2nd 3rd 4th
semester semester semester semester (15t vs 4th )

SPECT 10.7x1.1 10.7+x1.4 | 10.7%£1.3 10.5+0.9 0.004
ICA 7.0£6.0 7.6%5.6 9.0£6.9 8.7£6.9 <0.001
Cardiac CT 6.5+3.7 6.2+4.2 5.0+4.1 4.6%3.0 <0.001

SPECT: Single Photon Emission Computerized Tomography; Cardiac CT: Cardiac
Computed Tomography; ICA: Invasive Coronary Angiography;
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Table 3. Variables associated with the increase of ICA radiation dose and
decrease in cardiac CT radiation dose

A mSv 1st Semester | 4th Semester
ICA Proportion of patients that N.D. 399, 42%
performed PCI
Exams performed by A29% 26% 52%
fellows in training
Proportion of radial A15% 1% 46%
vascular access
Cardiac CT | Prospective acquisition V60% 0% 45%
Cardiac CT: Cardiac Computed Tomography; ICA: Invasive Coronary
Angiography;
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Figura 1
Click here to download high resolution image

127 p<0.001

10,7 all comparisons

SPECT ICA Cardiac CT

223



Figura 2
Click here to download high resolution image
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Figura 3
Click here to download high resolution image
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Capitulo 6: Desempenho dos scores de risco clinicos

Capitulo 6.

Desempenho dos scores de risco clinicos

RESUMO:

Este capitulo aborda um dos objectivos desta tese: a avaliagio do desempenho dos scores de risco clinicos na
identificagdo da presenca e da gravidade da doen¢a coronaria documentada por angio TC cardiaca. Sdo descritos os
scores de probabilidade de DC (Diamond-Forrester e Morise) e de risco CV (HeartScore) usados e os resultados
modestos na identificagdo dos doentes com elevada carga aterosclerdtica. Uma importante percentagem dos doentes
estudados considerados de baixa probabilidade de DC ou de baixo risco CV apresentavam doenga, com predominio de DC
ndo obstrutiva. Por outro lado, um subgrupo de doentes considerados pelos scores clinicos como de elevada
probabilidade e/ou risco CV, nédo tinha qualquer placa identificavel na sua arvore corondaria.

Foi incluido neste capitulo um artigo original (artigo 15) que aborda a questdo do paradoxo da obesidade revisitado pela

angio TC cardiaca e ilustra as limita¢des da estimativa clinica da carga aterosclerética coronaria.

ABSTRACT:

This chapter describes one of the objectives of the present thesis: to evaluate the performance of clinical scores to
identify the presence and severity of coronary artery disease documented by cardiac CT. The pre-test coronary disease
probability (Diamond-Forrester and Morise) and the CV risk (HeartScore) scores are described, as well as their modest
results in the identification of patients with a high disease burden. A significant percentage of the studied population
considered as low probability or CV risk had coronary disease, predominantly nonobstructive. On the other hand, a
subset of patients considered by the risk scores as high probability or CV risk had no atherosclerotic plaques in the
coronary tree.

Included in this chapter is an original manuscript (manuscript 15) on the obesity paradox revisited by cardiac CT, as it

illustrates well the limitations to clinically estimate the coronary atherosclerotic burden.

ARTIGO 15/ MANUSCRIPT 15:

BODY MASS INDEX AS A PREDICTOR OF THE PRESENCE BUT NOT THE SEVERITY OF CORONARY ARTERY DISEASE
EVALUATED BY CARDIAC-CT

Dores H, de Aratjo Gongalves P, Carvalho MS, Jer6nimo Sousa P, Ferreira A, Cardim N, Mota Carmo M, Aleixo A, Mendes M,
Pereira Machado F, Roquette ], Marques H.

Eur ] Prev Cardiol. 2013 Jun 17. [Epub ahead of print] DOI:10.1177/2047487313494291.
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6.1. INTRODUCAO

Os doentes que ja sofreram uma manifestagdo clinica do processo aterosclerético, qualificam-se
automaticamente para um patamar de risco mais elevado e, apds esta etapa, existem linhas claras
acerca da sua orientagdo e seguimento, na chamada prevencdo secunddria. O desafio mais
importante, tanto na Cardiologia como em outras areas da Medicina, consiste na correcta
identificacdo dos individuos que estdo em risco de eventos CV, identificando assim a doencga
numa fase precoce e iniciando medidas de prevencdo primdria com o objectivo de alterar a sua
histéria natural.

Os factores de risco modificaveis (tabagismo, diabetes, dislipidémia, hipertensdo arterial,
obesidade) e ndo modificaveis (idade, sexo e histéria familiar) permitem estimar o risco CV e o
seu desempenho melhora quando agrupados em scores. O uso dos scores de risco CV é
recomendados nas varias guidelines uma vez que permitem através da conjugacao dos diferentes
factores de risco, fornecer uma estimativa do risco de eventos CV, sendo assim util para decidir o
nivel de agressividade nas medidas de prevencdo primaria.

Para alem dos scores de risco CV, existem scores que permitem estimar a probabilidade de DC,
os chamados scores de probabilidade pré-teste, Uteis sobretudo na selec¢io do melhor exame a

usar na investigacdo da DC.

6.2 SCORES DE RISCO CARDIOVASCULAR

Um dos exemplos de score de risco CV é o score de Framingham (1), amplamente divulgado na
recomendag¢des do “National Cholesterol Educational Program-Adult Treatment Panel III" (NCEP-
ATPIII) para decisdo no manejo do doente com dislipidémia (2). A variaveis incluidas no score
de Framingham sdo a idade, o sexo, tabagismo, diabetes, colesterol total, colesterol HDL e a
tensao arterial sistélica. De acordo com o resultado, os doentes sdo classificados em baixo risco
de eventos coronarios (EAM e morte) a 10 anos se <10%; em risco intermédio se entre 10 e 20%;
em risco elevado se >20%. O score de Framingam tem sido usado em varias recomendacgdes de
prevencdo primaria (3, 4), sendo também referido como ferramenta para seleccdo dos doentes
para angio TC cardfaca (5).

Mais recentemente, foi desenvolvido o HeartScore (ou SCORE), que acompanhou as guidelines
de prevencdo primaria da sociedade europeia de cardiologia em 2003(6), actualizadas em 2012
(7) e que foi construido a partir da dados epidemiolégicos de varios paises da Europa. Na sua
constituicdo, e a semelhancga do score de Framingham, entram as variaveis idade, sexo, colesterol
total, tabagismo e tensdo arterial sist6lica - figura 1. Os intervalos de risco do HeartScore sdo

inferiores aos do score de Framingham porque este foi desenvolvido para prever apenas morte
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CV. Os seus patamares para morte CV a 10 anos sdo os seguintes: Baixo risco de <1%; risco

moderado de 1-5%; =5% risco elevado; 210% risco muito elevado.

Assim, quer o score de Framingham quer o HeartScore sao ferramentas uteis para estimar o risco
CV, etapa fundamental para adequar as medidas de prevenc¢do primdaria. No entanto, apesar de
esta estimativa resultar em termos populacionais, torna-se dificil por vezes perante um individuo
em particular estimar o seu risco, que frequentemente vem subvalorizado, nomeadamente nos
individuos mais novos ou com histéria familiar de doenc¢a CV prematura. Por outro lado, apesar
de em termos relativos os individuos de patamares de risco superiores terem maior
probabilidade de virem a sofrer um evento CV, em termos absolutos, como a maior parte da
populagdo estd em patamares de risco mais baixos, a grande maioria dos individuos que vem a

sofrer um acidente CV estaria previamente classificados em patamares de risco ndo elevados (8).

6.3 SCORES DE PROBABILIDADE PRE-TESTE DE DOENCA CORONARIA

A seleccdo de determinado tipo de exame, bem como a valorizagdo do seu resultado estd na
dependéncia nao sé da acuidade diagndstica do exame mas também da probabilidade pré-teste
de doenca, de acordo com o teorema de Bayes. No caso concreto da DC, existem varias
ferramentas que permitem, a partir da dados demograficos e clinicos, fazer esta estimativa.

Um destes exemplo é o score de Diamond-Forrester, desenvolvido como um método para
estimar a probabilidade de DC obstrutiva a partir de 3 varidveis facilmente colhidas: idade, sexo e
caracteristicas da dor toracica (9) - figura 2. Apesar das suas limita¢des, nomeadamente por nao
entrar em linha de conta com os habituais factores de risco CV e a larga dependéncia nas
caracteristicas da dor toréacica, este score tem resistido a passagem do tempo e o seu uso ainda é
actualmente recomendado em varias guidelines (10, 11). O score de Diamond e Forrester espelha
algo que é transversal a todos os scores: o balan¢o entre a sua complexidade (para ter poder
discriminativo) e simplicidade (influenciada pelo nimero e operacionalizacdo das varidveis) é
crucial para a adopgdo na pratica clinica (12) - aspecto discutido no capitulo 2.

Recentemente, foi feita uma actualizacdo deste score a partir de dados de coortes mais recentes
de doentes incluidos em bases de dados de coronariografia convencional, tendo sido
demonstrado que o score original sobrestimava a probabilidade real de DC nesta populagdo mais
recente (13). Esta calibragdo, publicada pelo CAD consortium, entra com as mesmas variaveis
embora usando a idade como varidvel continua. As categorias de probabilidade sdo as seguintes:
-<30%, baixa probabilidade

-230-70%, probabilidade intermédia

-270% - probabilidade alta

Esta disponivel online uma calculadora para este efeito (14) - figura 3.
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Um outro score validado para estimar a probabilidade de DC obstrutiva é o score de Morise, que
entra em linha de conta com os mesmas 3 variaveis do score de Diamond-Forrester e
adicionalmente com factores de risco CV, nomeadamente a diabetes, dislipidémia, hipertensao
arterial, obesidade, status estrogénico e tabagismo (15) - figura 4.

Este score demonstrou ser util ndo s6 para prever a presenca de DC, mas também a sua
gravidade e posteriormente foi também avaliado o seu desempenho como score progndstico
(16). Neste score, as categorias de probabilidade sdo as seguintes:

-scores de 0 a 8, probabilidade baixa

-scores de 9 a 15, probabilidade intermédia

-scores 216, probabilidade alta.
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FIGURA 1: Tabela do HeartScore para paises de baixo risco cardiovascular
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FIGURA 2: Score de Diamond-Forrester

(adaptagdo das Guidelines “Exercice testing ACC/AHA 2002”)

Table 4. Pretest Probability of Coronary Artery Disease by Age, Gender, and Symptoms*

Age Typical/Definite Atypical/Probable Nonanginal

(V) Gender Angina Pectoris Angina Pectoris Chest Pain Asymptomatic

30-39 Men Intermediate Intermediate Low Very low
Women Intermediate Very low Very low Very low

40-49 Men High Intermediate Intermediate Low
Women Intermediate Low Very low Very low

50-59 Men High Intermediate Intermediate Low
Women Intermediate Intermediate Low Very low

60—69 Men High Intermediate Intermediate Low
Women High Intermediate Intermediate Low
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FIGURA 3: Score de Diamond-Forrester - CAD consortium
(calculadora disponivel no site:

http://rcc.simpal.com/RCEval.cgi?Owner=tgenders&RCName=CAD%20consortium)

Erasmus MC

University Medical Center Rotterdam

CAD consortium 1

Age (2]
Sex (Male %) (2]

Symptoms [ Typical D) (2]
@ave Inputs) Q(ecall Inputs) @Iear CacheQ 0

Probability of CAD (=1 vessel with =250% lumen diameter reduction on

conventional angiography)

1 Genders TS, Steyerberg EW, Alkadhi H, et al. A clinical prediction rule for the
diagnosis of
coronary artery disease:validation, updating, and extension. Eur Heart J 2011.

E: Risk Calculator hosted by The Cleveland Clinic

This information is provided by Cleveland Clinic as a convenience service only to physicians and is not intended to
replace the physicians' medical advice. Please remember that this information, in the absence of a visit with a
physician's patient, must always be considered as an educational service only and are not designed to replace a
physician's independent judgment about the appropriateness or risks of a procedure or recommendations for a given
patient. CCF makes no representation or warranty concerning the accuracy or reliability of this information and does
not warrant the results of using this tool. In no event shall CCF be liable for any damages, direct, indirect,
consequential or otherwise, relating to the use of this information or this tool. [License

For more information, please contact

CAD consortium coordinator <t.genders@erasmusmc.nl>

234



Capitulo 6: Desempenho dos scores de risco clinicos

FIGURA 4: Score de Morise

A Pretest
Variable Choose response | Sum
Age Men Women
<40 <50 3
40-54 50-64 6
>55 265 9
Estrogen Status Positive = -3
Women only Negative = +3
Angina History Typical = 5
Diamond Method Atypical = 3
Non-anginal = 1
Diabetes? 2
Hyperlipidemia? 1
Hypertension? 1
Smoking? (Any) 1
Family Hx CAD? 1° 1
Obesity? BMI>27 1
Total Score:
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6.4 DESEMPENHO DOS SCORES CLINICOS NA IDENTIFICACAO DE PRESENCA E
GRAVIDADE DA DOENCA CORONARIA DOCUMENTADA POR ANGIO TC CARDIACA.

Um dos objectivos da tese foi avaliar o desempenho dos scores clinicos na identificacdo da
presenca e da gravidade da DC (obstrutiva e ndo obstrutiva) documentada por angio TC
cardfaca.

Para esta andlise, foi feita a distribuicdo da populagdo previamente descrita (capitulo 1) pelos

diferentes scores clinicos: HeartScore, Morise e Diamond-Forrester.

Foi possivel documentar um razoavel desempenho dos scores clinicos, mas uma importante
percentagem dos doentes estudados considerados de baixa probabilidade de DC ou de baixo
risco CV apresentavam doen¢a, com predominio de DC ndo obstrutiva. Por outro lado, um
subgrupo de doentes considerados pelos scores clinicos como de elevada probabilidade e/ou
risco CV, ndo tinha qualquer placa identificAvel na sua arvore coronéria (Figuras 5, 6 e 7 e

tabela 1).

Na Figuras 5 é apresentada a distribuicdo da presenca e gravidade de DC de acordo com o
risco CV classificado pelo HeartScore. A percentagem de doentes com DC (obstrutiva e nido
obstrutiva) foi significativamente mais alta na populacdo de elevado risco CV (HeartScore
>5%). No entanto, em quase metade (48,7%) da populagdo considerada como de baixo risco
CV, foram documentadas placas na arvore coronaria e em 8,5% dos casos a doenga era
obstrutiva.

Foi interessante verificar que o HeartScore, ferramenta util para estimar o risco CV, foi
também um bom preditor da presenca de DC, tendo inclusive sido o score com melhor
desempenho a este nivel. Na nossa populagdo, os doentes com um HeartScore =5 tinham uma
probabilidade cerca de 4 vezes superior de ter DC (qualquer placa na arvore corondria) e

quase 3 vezes superior de ter DC obstrutiva (Tabela 1).

Nas Figuras 6 e 7 esta representada a analise da distribuicdo da populagdo em funcdo da
presenca e gravidade da DC nos varios patamares de probabilidade pré-teste de DC, estimada
pelo score de Diamond-Forrester e de Morise respectivamente. A semelhanca da
distribuicdo encontrada para o score de risco CV, apesar da percentagem de DC (quer
obstrutiva quer ndo obstrutiva) acompanhar o aumento da probabilidade de DC, uma
percentagem significativa dos doentes com baixa probabilidade (45,2% com o Diamond-

Forrester e 25% com o Morise) tinham placas ateroscleréticas na arvore corondria.
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Os scores de probabilidade pré-teste de DC estdo muito na dependéncia da presenca de
sintomas. Estes, sobretudo no caso da angina tipica, ddo um contributo muito importante para
a probabilidade de DC, uma vez que estes scores foram desenvolvidos para prever a presenca
de DC obstrutiva identificada na coronariografia invasiva. Isto é sobretudo verdade para o
score de Diamond-Forrester, uma vez que para além dos sintomas entra apenas em linha de
conta com a idade e o sexo. No caso do score de Morise, para além dos sintomas, sexo e idade,
estdo incluidos os habituais factores de risco CV, sendo inclusive dado um valor ponderal
superior a diabetes em relagido aos restantes factores de risco. Esta maior robustez do score
faria prever um melhor desempenho em relacdo ao score de Diamond-Forrester, mas na
nossa analise o desempenho para prever a presenca de DC, quer obstrutiva quer nio
obstrutiva foi muito semelhante para estes dois scores. Isto pode ter sido o resultado de nesta
analise se ter usado a nova calibracdo do Diamond-Forrester (CAD consortium), que foi
validada recentemente com bases de dados contemporaneas, tendo-se percebido que o score

original sobrestimava a probabilidade, sobretudo nas mulheres (13).

237



FIGURA 5: Desempenho do HeartScore na identificacio da presenca e gravidade da

doencga coronaria

HeartScore Sem placas DC nao obstrutiva DC obstrutiva

(n=581) (n=240) (n=263) (n=78)

HeartScore <5% 222 (51,3%) 174 (40,2%) 37 (8,5%)
(n=433, 74,5%)

HeartScore 25% 18 (12,2%) 89 (60,1%) 41 (27,7%)
(n=148, 25.5%)

AUC 0,757 0,663 0,691
(1C 95%) (0,718-0,797) (0,619-0,706) (0,627-0,754)

100

60,1

W Sem placas
% DC ndo obstrutiva

~ DC obstrutiva

HeartScore <5% HeartScore 25%
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FIGURA 6: Desempenho do score de Diamond-Forrester (calibracio CAD consortium) na

identificacdo da presenca e gravidade da doenca coronaria.

Diamond-Forrester Sem placas DC nao obstrutiva DC obstrutiva

(n=581) (n=240) (n=263) (n=78)

DF <30% 191 (54,7%) 131 (37,5%) 27 (7,7%)
(n=349, 60.1%)

DF 230% 49 (21,1%) 132 (56,9%) 51 (22,0%)
(n=232,39.9% )

AUC 0,713 0,620 0,688
(IC 95%) (0,670-0,756) (0,575-0,666) (0,627-0,748)

100

80

60 - 54,7 56,9
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7,7
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FIGURA 7: Desempenho do score de Morise na identificacio da presenca e gravidade

da doenca coronaria.

Morise score Sem placas DC nao obstrutiva DC obstrutiva

(n=581) (n=240) (n=263) (n=78)

Low (0-8) 105 (75,0%) 32 (22,9%) 3(21%)
(n=140, 24.1%)

Intermediate (9-15) 116 (31,4%) 193 (52,3%) 60 (16,3%)
(n=369, 63.5%)

High (216) 19 (26,4%) 38 (52,8%) 15 (20,8%)
(n=72, 12.4%)
AUC 0,698 0,619 0,660
(1C 95%) (0,653-0,742) (0,573-0,664) (0,605-0,715)
100,0 -
800 75,0

W Sem placas
% DC ndo obstrutiva

© DC obstrutiva

20,0

0,0

Low (0-8) Intermediate (9-15) High (216)
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TABELA 1: Andlise multivariavel dos scores clinicos como preditores independentes da

presenca e gravidade da doenca coronaria.

Presenca de doenca coronaria (qualquer placa)

OR (IC95%) p
HeartScore=5 3,896 2,189-6,935 <0,001
DF-CAD consortium 230% 2,623 1,697-4,052 <0,001
Morise 216 2,549 1,568-4,144 <0,001

Doenga coronaria obstrutiva (estenose 250%)

OR (95% CI) p
HeartScore=5 2,709 1,503-4,880 0,001
DF-CAD consortium 230% 1,884 1,036-3,424 0,038
Morise 216 1,838 1,057-3,197 0,031
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6.5 OBESIDADE E DOENCA CORONARIA - IMPLICACOES PARA 0S SCORES

Nos ultimos anos tem-se assistido a um aumento da prevaléncia da obesidade, sendo
considerado um importante factor de risco CV, sobretudo pela sua associacdo com a sindrome
metabdlica e o desenvolvimento de diabetes tipo 2 (17, 18).

No entanto, a sua associagdo com a DC tem sido controversa, tendo sido descrito por alguns
autores um paradoxo, com menor carga aterosclerdtica e prevaléncia mais baixa de uma
anatomia corondria de elevado risco nos doentes obesos, quando corrigido para os restantes
factores de risco (19-21).

Um dos scores de probabilidade pré-teste usados, o score de Morise, inclui a obesidade (com o
limiar discriminativo >27 kg/m2) como um dos factores que aumenta a probabilidade de DC,
com o mesmo valor que os restantes factores de risco (tabagismo, hipertensdo arterial,
dislipidémia) a excepcao da diabetes ao qual é atribuido um valor ponderal superior (15). Na
nossa andlise o score de Morise, apesar de incluir estas variaveis adicionais, ndo demonstrou ter
uma acuidade diagnéstica superior ao score de Diamond-Forrester, podendo em certa medida ter
sido influenciado também pelo paradoxo da obesidade.

A avaliacao detalhada da carga aterosclerética coronaria possivel com a angio TC cardiaca, com
identificacdo ndo s6 de DC obstrutiva mas também de placas ndo obstrutivas, podera contribuir
para esclarecer melhor este paradoxo.

Com o objectivo de esclarecer a relacdo entre o indice de massa corporal e a presenca e extensdo
da DC, fizemos uma analise envolvendo um elevado niimero de doentes (n=1706), estaveis e sem
antecedentes de DC conhecida, referenciados para avaliagdo de eventual DC por angio TC (22).
Neste trabalho, foi possivel identificar que a obesidade (BMI 230Kg/m2; presente em 21,9% dos
doentes) na andlise multivaridvel, era um preditor independente da presen¢a de DC (qualquer
placa na arvore corondria), embora com um OR muito modesto. No entanto, o IMC nao foi
significativamente diferente quando comparados os doentes com ou sem DC obstrutiva (IMC
médio 27.7 vs 27.2 kg/m2) e na distribuicdo dos doentes com DC obstrutiva pela diferentes
classes de IMC ndo houve diferencas estatisticamente significativas.

Por outro lado, na avaliagdo detalhada da carga aterosclerética, a percentagem de doentes com
pelo menos 5 segmentos da arvore coronaria com placa (SIS >5) também nao foi diferentes entre
os grupos de doentes com peso normal, excesso de peso e obesidade . Assim, na nossa populagido
de doentes estaveis, sem antecedentes de DC conhecida, a obesidade nao foi um preditor da
gravidade da DC, avaliada quer pela prevaléncia de DC obstrutiva, quer pelo numero de
segmentos da 4arvore corondria com placas, marcadores da carga aterosclerédtica com

reconhecido impacto prognéstico.
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Abstract

Background: The relation between body mass index (BMI) and coronary artery disease (CAD) extension remains
controversial. The aim of this study was to evaluate the correlation between BMI and CAD extension documented by
coronary computed tomography angiography (CCTA).

Methods and results: Prospective registry including 1706 consecutive stable patients that performed CCTA (dual
source scanner) for the evaluation of CAD. The population was stratified by BMI: normal 530 (31.1%), overweight 802
(47.0%) and obesity 374 (21.9%). BMI was significantly higher in patients with CAD (27.7 +4.3vs 26.8 +4.3kg/m?,
p <0.001); these patients were also older, more often male and had higher prevalence of diabetes, hypertension and
dyslipidemia. By multivariate analysis (logistic regression) BMI remains an independent predictor of CAD (odds ratio
(OR) 1.03, 95% confidence interval (Cl) 1.01-1.06; p =0.012). Regarding the severity of CAD, BMI was not significantly
different among patients with and without obstructive CAD (27.7 +4.3 vs 27.2 +4.3 kg/m?, p=0.120). In 319 patients
(4516 segments; 4077 evaluable), a detailed atherosclerotic burden was evaluated and compared among BMI classes,
defined according to the presence of plaque and the degree of stenosis. Obstructive CAD was identified in 16.9% of the
patients and 45.1% had non-obstructive CAD. The discriminative threshold for high burden, established by the segment
involvement score (SIS), was >5 segments with plaque (15.4% patients). The prevalence of SIS >5 among the BMI classes
was: 18.7%, 13.7% and 13.6% for normal, overweight and obesity respectively (p values for the specific classes versus all
other patients: 0.241, 0.450 and 0.663).

Conclusions: In this population of stable patients undergoing CCTA for suspected CAD, BMI was an independent
predictor of its presence, but was not correlated with the coronary disease severity.
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Cardiac computed tomography, body mass index, coronary artery disease
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Introduction

In recent years, obesity has reached epidemic propor-
tions, and is currently a highly prevalent chronic con-
dition associated with significant morbidity and
mortality." In the general population, overweight and
obesity are associated with an increased risk of cardio-
vascular disease and all-cause mortality.>* However,
among patients with known coronary artery disease
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(CAD), the evidence is contradictory. Several studies
have suggested an "obesity paradox’ due to a protective
effect of obesity against adverse outcomes, and the cor-
relation between body mass index (BMI) and survival
has been described as having a U-shaped curve.*
Additionally, the relationship between obesity and
CAD extension remains controversial. Several authors
suggest that, paradoxically, obese patients have a lower
CAD burden (Duke myocardial jeopardy scores) and
lower prevalence of high-risk coronary anatomy (sig-
nificant left main or triple vessel disease) compared to
non-obese patients.®’

Recently, coronary computed tomography angiog-
raphy (CCTA) has become widely available and
adopted in the clinical practice, mainly due to the
high negative predictive value to rule out obstructive
CAD.* In addition, CCTA allows also the identifica-
tion of non-obstructive CAD, providing in this way a
noninvasive quantification of the total coronary athero-
sclerotic burden. As showed in the large CONFIRM
Registry,'” both non-obstructive and obstructive
CAD, identified by CCTA, were associated with
worse cardiovascular outcomes, while the absence of
CAD was associated with a favorable prognosis. To
the best of our knowledge, there are no previous pub-
lished studies evaluating the relationship of BMI with
both the presence and extension of CAD, documented
by CCTA, and this was the aim of the present study.

Methods
Population

From February 2007 to October 2011 all consecutive
stable patients undergoing CCTA (dual source scanner)
for the evaluation of possible CAD were included in a
single centre prospective registry. Figure 1 shows
patient selection and study design. Patients referred
from the emergency department (possible acute coron-
ary syndrome) or indications other than evaluation for
possible CAD were excluded from this analysis. For the
purpose of this study, 1706 patients were included in
the context of: previous equivocal or inconclusive stress
tests or discordant with the clinical evaluation
(n=1253; 73.5%), CCTA as first line investigation of
possible CAD (n=294; 17.2%), preoperative CAD
assessment prior to non-coronary valvular or aortic
surgery (n=34, 2.0%), evaluation of possible CAD in
cardiomyopathies (n=125, 7.3%).

A detailed medical history with a risk factors ques-
tionnaire was obtained from the patients to assess for
the presence of: (a) diabetes mellitus (defined as a fast-
ing glucose level of >7.0 mmol/l or the need for insulin
or oral hypoglycemic agents); (b) dyslipidemia (defined
as a total cholesterol level >5mmol/l or treatment with

lipid-lowering drugs); (c) hypertension (defined as
blood pressure >140/90mm Hg or the use of antihy-
pertensive medication); (d) Positive family history of
premature CAD (defined as the presence of CAD in
first-degree relatives younger than 55 (male) or 65
(female) years old); (e) smoking (defined as previous
(less <1 year) or current smoker). Weight and height
were self-reported by the patients in the questionnaire.
The overall population was stratified by the BMI
value, according to the World Health Association
classification:'! underweight (<18.5kg/m?), normal
(18.5-24.9kg/m?), overweight (25.0-29.9kg/m?) and
obesity (IMC>30.0 kg/m?). Underweight patients were
excluded from the present analysis. In a cohort of
patients, the detailed atherosclerotic burden was eval-
uated and compared among the BMI classes. The local
ethics committee approved the study and all patients
gave written informed consent.

Scan protocol and image reconstruction

All scans were performed with a dual-source scanner
(Somatom Definition®, Siemens Medical, Germany),
with the patient in dorsal decubitus and in deep inspir-
ation breath-hold. Sublingual nitroglycerin was admin-
istered to all patients except when contraindicated and
beta-blockers were administered to lower the heart rate
when indicated. During the scan acquisition, a bolus of
iodinated contrast (Visipaque®, GE Healthcare, USA)
was injected at a 6ml/s infusion rate, followed by a
50 ml saline flush. The dose of contrast was calculated
according to the following formula: (acquisition time-
+ 65 delay) x flow (6ml/s). Contrast timing was per-
formed to optimize uniform contrast enhancement of
the coronary arteries. Dose reduction strategies-
including electrocardiogram-gated tube current modu-
lation, reduced tube voltage, and prospective axial trig-
gering-were used whenever feasible. Mean estimated
radiation dose was 5.3+3.7mSv, contrast dose was
97.1£14.4ml and heart rate was 67.8+13.3bpm.
Transaxial images were reconstructed with a temporal
resolution of 83 ms and slice thickness of 0.75 mm with
0.4mm increments. Post-processing was carried out
using Circulation® software, with multiplanar recon-
structions, maximum intensity projection and volume
rendering technique.

Coronary artery analysis

All scans were analyzed in the same session by both a
cardiologist and a radiologist with Level I1I-equivalent
experience. The Society of Cardiovascular Computed
Tomography (SCCT) recommended classification'?
was used regarding segmentation (16 segments), sten-
osis severity (<25%; 25-49%; 50-69%; 70-99%:;
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All consecutive patients referred for Cardiac CT
February 2007-October 2011
(n=2563)

Excluded (n=857; 33.4%)

- Cardiac CT for other than evaluation of possible CAD
(n=395; 15.4%)
- Previous MI, CABG, PCI (n=310, 12.1%)

- Emergency department (possible ACS) (n=108; 4.2%)
- Atrial fibrillation or other significant arrhythmias
compromising image quality (n=31; 1.2%)

- Underweight (n=13; 0.5%)

Included (n=1706; 66.6%)
Stable patients referred for the evaluation of possible CAD

CCTA as first line
investigation
(292; 17.2%)

Equivocal, inconclusive or clinically
discordant stress tests
(n=1253; 73.5%)

Prior to non-coronary, Evaluation in
valvular or aortic surgery cardiomyopathies
(34; 2.0%) (125; 7.3%)

Figure |. Patient selection and study design.

CAD: coronary artery disease; CCTA: coronary computed tomography angiography; CT: computed tomography; PCI: percutaneous

coronary intervention.

100%) and plaque composition (calcified, non-calcified
or mixed). CAD was defined as the presence of any
coronary plaque identified in CCTA (both obstructive
and non-obstructive lesions; including non-calcified
plaque). Obstructive CAD was defined as the presence
of plaque with >50% stenosis. The discriminative
threshold for high coronary atherosclerotic burden
was established as the SIS with the previously tested
prognostic threshold of >5 segments with plaque.'® In
each coronary artery segment, coronary atherosclerosis
was defined as tissue structures >1mm? that existed
either within the coronary artery lumen or adjacent to
the coronary artery lumen that could be discriminated
from surrounding pericardial tissue, epicardial fat or
the vessel lumen itself. Coronary atherosclerotic lesions
were quantified for stenosis by visual estimation.
Percent obstruction of coronary artery lumen was
based on a comparison of the luminal diameter of the
segment exhibiting obstruction to the luminal diameter
of the most normal-appearing site immediately prox-
imal to the plaque. The value of the Agatston calcium
score was obtained with the analysis of consecutive
non-contrast 3mm slices, with a reconstruction b35f
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Kernel and a small (cardiac) FOV, with a dedicated
software (CaScoring- Siemens™), where every area at
least with 1 mm? within a coronary vessel with a density
above 130 HU (Hounsfield Units) was selected.'*

Statistical analysis

Continuous variables with normal distribution were
expressed as means and standard deviation (SD),
those with non-normal distribution as medians and
interquartile range (IQR). Normality was tested with
the Kolmogorov-Sminorv test. Categorical variables
were expressed as frequencies and percentages.
Statistical comparison of baseline characteristics and
outcomes was performed using the chi-square test or
Fisher’s exact test, when appropriate, for categorical
variables and the Mann-Whitney or Kruskal-Wallis
test for continuous variables. Multivariate analyze
(binary logistic regression model-enter method) was
performed to identify independent predictors of CAD
and independent predictors of obstructive CAD. In this
model all the statistically significant variables in the
univariate analysis were included. Two-tailed tests of
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significance are reported. For all comparisons, a p value
of <0.05 was considered statistically significant. When
appropriate, a 95% confidence interval (CI) was calcu-
lated. Statistical analysis was performed with SPSS
version 19.0 (SPSS® Inc., Chicago, Illinois, USA).

Results
Study population

Of the 1706 patients included in the final analysis, the
median age was 59.0 (51.0-66.0) years and the majority
(57.2%) were male. Demographic and clinical charac-
teristics are depicted in the Table 1. The percentage
of patients with diabetes was 15.0% and there was
a high prevalence of both hypertension and dyslipide-
mia (60.5% and 59.8% respectively). The median
HeartScore was 2(1-4)%, and 17.2% patients had
high cardiovascular risk (HeartScore >5%). The
median BMI was 26.7 (24.4-29.4) kg/m? and the strati-
fication according to the BMI classes was: normal
(n=1530, 31.1%), overweight (n=802, 47.0%) and
obesity (n=374, 21.9%).

CAD burden

In the overall population, the median calcium score was
4(0-100), 58.9% patients had CAD and 19.1% patients
had obstructive CAD. By univariate analysis, BMI was
significantly higher in patients with CAD (27.7 4.3 vs
26.8+4.3kg/m?, p<0.001); these patients were also
older, more often male and had higher prevalence of
diabetes, hypertension and dyslipidemia. Regarding the
presence of obstructive CAD, this was more prevalent
in the older patients, in males and in patients
with hypertension, diabetes, dyslipidemia and smoking.
However, BMI was not significantly different
among patients with and without obstructive CAD
(27.7+4.3vs 27.2+4.3kg/m?, p=0.120) (Table 2).
By multivariate analysis (adjusted for age, male
gender, BMI, dyslipidemia, diabetes and hypertension),
BMI remain an independent predictor of CAD
(OR 1.03, 95% CI 1.01-1.06, p=0.012) (Figure 2).

In a cohort of 319 patients in whom the detailed
atherosclerotic burden evaluation was performed
(4516 segments; 4077 evaluable), the distribution
according BMI classes was: normal (n=107, 33.5%),
overweight (n=146, 45.8%) and obesity (n=060,
20.7%). Obstructive CAD was identified in 16.9% of
the patients and 45.1% had non-obstructive CAD. The
median number of coronary segments with lesions was
1.0 (0.0-4.0) and 15.4% patients had SIS >5. The dis-
tribution of the variable SIS >5 among the BMI classes
was: 18.7%, 13.7% and 13.6% for normal, overweight
and obesity respectively (p values for the specific classes

Table I. Demographic and clinical characteristics

All patients

Variables (n=1706)

Demographic

Age, median (IQR) years 59.0 (51.0-66.0)

Male gender, n (%) 976 (57.2)
Cardiovascular risk factors, n (%)

Diabetes mellitus 256 (15.0)

Hypertension 1032 (60.5)

Smoking 459 (26.9)

Dyslipidemia 1021 (59.8)

Family history of premature CAD 606 (35.5)
Cardiovascular risk

HeartScore, median (IQR) 2.0 (1.0-4.0)

HeartScore >5%, n (%) 293 (17.2)
Chest pain, n (%)

Asymptomatic 836 (49.0)

Non-cardiac 369 (21.6)

Atypical 363 (21.3)

Typical 138 (8.1)
BMI (kg/m?)

Median (IQR) 26.7 (24.4-29.4)

Normal, n (%) 530 (31.1)

Overweight, n (%) 802 (47.0)

Obesity, n (%) 374 (21.9)

BMI: body mass index; CAD: coronary artery disease; IQR: interquartile
range.

versus all other patients: 0.241, 0.450 and 0.663
respectively).

Discussion

Our findings suggest that in this population of stable
patients with low to intermediate cardiovascular risk
referred for CCTA for suspected CAD, BMI was an
independent predictor of CAD presence, but was not
correlated with CAD severity. There were no significant
differences across different BMI classes in the percent-
age of patients with obstructive CAD or in the overall
coronary atherosclerotic burden, as evaluated by the
segment involvement score.

In the general population, obesity is a well-known
risk factor for CAD, being associated with poor clinical
outcomes. In patients with documented CAD this rela-
tionship remains controversial, but the prevalence of
obesity is patients with CAD is still increasing and
the current management of obesity seems inadequate.'”
Some previous studies described an ‘obesity paradox’
with better outcomes of obese patients when compared
with non-obese, frequently with an U-shaped relation-
ship. This paradoxical association between BMI and
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Table 2. Characteristics distribution according to the presence of coronary artery disease and obstructive stenosis
CAD Non-CAD Obstructive Non-obstructive

Variables (n=1005) (n=701) p value (n=326) (n=1380) p value
Age (years) (mean =+ SD) 61.5+9.9 535+11.9 <0.001 62.1+£9.9 573£11.6 <0.001
Male gender, n (%) 648 (64.5) 328 (46.8) <0.001 239 (73.3) 737 (53.4) <0.001
Diabetes mellitus, n (%) 191 (19.0) 65 (9.3) <0.001 84 (25.8) 172 (12.5) <0.001
Hypertension, n (%) 669 (66.6) 363 (51.8) <0.001 226 (69.3) 806 (58.4) <0.001
Dyslipidemia, n (%) 664 (66.1) 357 (50.9) <0.001 222 (68.1) 799 (57.9) 0.001
Smoking, n (%) 287 (28.6) 172 (24.5) 0.065 111 (34.0) 348 (25.2) 0.001
Familiar history of CAD, n (%) 362 (36.0) 244 (34.8) 0.607 113 (34.7) 493 (35.7) 0.719
BMI (kg/m?) (mean £ SD) 27.7+43 268+43 <0.001 27.7+43 272443 0.120

BMI: body mass index; CAD: coronary artery disease; SD: standard deviation.

OR 1.04, Cl 95% 1.01-1.06, p=0.009

OR 1.07, Cl 95% 1.06-1.08, p<0.001

OR 1.51, Cl 95% 1.09-2.08, p=0.016

BMI s
Age | =
Diabetes
Dyslipidemia """ OR1.69, Cl 95% 1.36-2.09, p<0.001
0,5 1,0 15 2,0

25

Figure 2. Independent predictors of coronary artery disease (CAD) presence (multivariate analysis).

BMI: body mass index; Cl: confidence interval; OR: odds ratio.

survival in patients with CAD occurs irrespectively of
the treatment strategy and, in fact, among patients
undergoing percutaneous coronary intervention (PCI)
an increased BMI was associated with improved sur-
vival* and a meta-analysis of patients undergoing PCI
showed a lower risk of death in patients with higher
BMI.> Several explanations are frequently given for
this paradox. Adipose tissue is a recognized major
endocrine organ and obesity is associated with high
serum levels of low-density lipoproteins that have
anti-inflammatory effect.*'® As an example, in patients
with heart failure, it has been demonstrated that obese
individuals have lower levels of tumor necrosis factor
and other inflammatory cytokines.'® On the other
hand, poor clinical outcomes in patients with lower
weight can be related to malnutrition or cachexia and
prevalence of comorbid conditions, such as occult
malignancy and heart failure.*

The controversy is not limited to the association
between obesity and clinical outcomes, but also
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occurs with the relationship between obesity and ath-
erosclerotic CAD extension. Studies from Israel per-
formed by Rubinshtein et al.® and from the USA by
Niraj et al.” showed that obesity was associated with
less severe CAD among patients undergoing coronary
angiography. The better prognosis of obese patients in
these studies could be explained by the investigation
and treatment at earlier stages in the disease course.
Patients with higher BMI are also more frequently sub-
mitted to standard medical therapies, diagnostic coron-
ary angiography and revascularization procedures.'”
Among patients undergoing coronary invasive angiog-
raphy, obese patients are younger and also have a lower
prevalence of other cardiovascular risk factors. This
evidence contributes to the lower prevalence of high-
risk coronary anatomy in patients with higher BMI in
some of the previous reports. The Duke jeopardy score
was frequently used in these studies, as an estimate
of the amount of myocardium at risk according to
the coronary artery stenosis location, and provided
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independent prognostic information.'® The association
between BMI and CAD assessed by CCTA to our
knowledge was not previously reported. CCTA is a
noninvasive and accurate method to evaluate CAD,
with a good correlation with invasive angiography
(QCA) and intravascular ultrasound.'?

In our study, after adjusting for traditional cardio-
vascular risk factors including age, gender, hyperten-
sion, diabetes, smoking, familiar history of CAD and
dyslipidemia, BMI as a continuous variable remained
an independent predictor for CAD presence but was
not a predictor of CAD severity. One possible explan-
ation for these findings could be related to the baseline
characteristics of the population: stable patients (most
of them without typical chest pain) and only a minority
with high cardiovascular risk, probably representing
early stages in the coronary disease evolution. This
population is significantly different from those referred
for invasive angiography who were included in the pre-
vious studies. On the other hand, BMI does not differ-
entiate central and peripheral adiposity. Measurements
of abdominal obesity and waist-hip ratio could be more
discriminant, as abdominal obesity has been more clo-
sely associated with cardiovascular events.'” In this
regard, computed tomography has been recognized as
a highly effective, accurate, and reproducible technique
for measuring visceral adiposity,”® and it has been
documented by previous authors that there is a correl-
ation between abdominal adiposity and the extent of
coronary atherosclerosis.?!

Limitations

There are some limitations related to this report:
(a) single centre data with medium size cohort; (b) use
of BMI as the only marker of adiposity, instead of the
more specific markers of abdominal obesity that could
have a better correlation with CAD severity; (c) studied
population predominantly with low-intermediate car-
diovascular risk which could have underestimated the
coronary disease burden of patients with high BMI;
(d) referral bias, since the presence of obesity itself
could have played a role in the decision to refer for
evaluation, as obese patients are generally considered
to be at higher risk of CAD; (e) the risk factors dysli-
pidemia and hypertension were included in the analysis
as categorical variables which could have resulted in
some underestimation of their predictive power;
(f) lack of follow-up data to evaluate the prognostic
impact of BMI in clinical outcomes.

Conclusions

In this population of stable patients undergoing CCTA
for suspected CAD, BMI was an independent predictor

of the presence of CAD, but was not correlated with
severity. There were no significant differences in the
percentage of obstructive CAD or in the overall coron-
ary atherosclerotic burden, evaluated by the number of
segments with plaque, across the different BMI classes.
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Capitulo 7: Diabetes mellitus - subgrupo modelo de elevada carga aterosclerdtica

Capitulo 7.
Diabetes mellitus - subgrupo modelo de elevada carga

aterosclerotica

RESUMO:

Este capitulo é dedicado a diabetes mellitus, como modelo de DC mais avangada, tendo sido o preditor clinico mais
importante da presenca e da gravidade da DC. Deste modo a diabetes mereceu uma analise detalhada, servindo como
subgrupo modelo para a avaliagdo do desempenho de diferentes scores de carga ateroscleroética.

Foi incluido neste capitulo o artigo 16, que resulta da andlise dos diferentes indices de carga aterosclerdtica na
populacdo incluida na tese e no qual é discutida a questdo da diabetes como equivalente de risco de DC.

0 padrao de DC na diabetes, mais extensa e difusa, justifica as dificuldades impostas a revascularizagdo, tema ilustrado

pelo artigo 17 e discutido numa sec¢éo especifica deste capitulo.

ABSTRACT:

This chapter is dedicated to diabetes mellitus, as a model for more advanced coronary disease, since it was identified as
the single most important predictor of the presence and severity of coronary disease. In this regard, the subgroup of
diabetic patients was the subject of an individual detailed analysis, useful as a model to evaluate the performance of
different atherosclerotic burden scores.

Manuscript 16 was included in this chapter, since it was the result of the analysis of the different atherosclerotic burden
scores and includes a discussion on the issue of diabetes as a coronary artery disease equivalent.

The coronary disease pattern in diabetes, more diffuse and severe, explains the difficulties posed to revascularization, and

this issue is illustrated by manuscript 17 and also discussed in a specific section in this chapter.

ARTIGO 16/ MANUSCRIPT 16:

DIABETES AS AN INDEPENDENT PREDICTOR OF HIGH ATHEROSCLEROTIC BURDEN ASSESSED BY CORONARY
COMPUTED TOMOGRAPHY ANGIOGRAPHY: THE CORONARY ARTERY DISEASE EQUIVALENT REVISITED.

De Aratjo Gongalves P, Garcia-Garcia HM, Carvalho MS, Dores H, Jerénimo Sousa P, Marques H, Ferreira A, Cardim N,
Teles R, Raposo L, Mesquita-Gabriel H, Almeida M, Aleixo A, Mota Carmo M, Pereira Machado F, Mendes M.

Int ] Cardiovasc Imaging. 2013; 29:1105-1114

ARTIGO 17/ MANUSCRIPT 17:

COMPLEMENTARY EFFECTS OF SIROLIMUS-ELUTING STENTS AND GLYCOPROTEIN IIB/IIIA INHIBITORS FOR
PERCUTANEOUS CORONARY INTERVENTION IN DIABETIC PATIENTS: 1-YEAR FOLLOW-UP OF A SINGLE CENTER
REGISTRY.

De Aratjo Goncalves P, Seabra-Gomes R, Teles R, Almeida M, Aguiar C, Raposo L, Ferreira ], Pereira Machado F.

Heart 2006, 92; 1155-56.
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Capitulo 7: Diabetes mellitus - subgrupo modelo de elevada carga aterosclerdtica

7.1 INTRODUCAO

A diabetes mellitus é um distirbio metabélico complexo, caracterizado por um estado de
hiperglicémia crénico, resultante da interac¢iao de diferentes factores genéticos e ambientais e
culminando na lesdo de varios 6rgios alvo. E um importante factor de risco CV, nio sé pela sua
estreita associacao fisiopatolégica, mas também pela elevada prevaléncia, o que a torna um
importante problema de satide publica (1).

No estudo PREVDIAB, a prevaléncia de diabetes tipo 2 em 2009, na populagdo portuguesa
(amostra de 5167 individuos entre os 20 e os 79 anos) era de 11,7%, dos quais 43,6% nao tinham
sido previamente diagnosticados. Esta prevaléncia era mais elevada nos homens e na faixa etaria
entre os 60 e os 79 anos, onde atingia cerca de 1 em cada 4 individuos (26,3%) (2).

De acordo com os ultimos nimeros do relatério anual do observatoério nacional da diabetes, em
2011 esta prevaléncia aumentou para 12,7%, correspondendo em numeros absolutos a cerca de
1 milhdo de doentes com diabetes em Portugal (3).

Os doentes com diabetes representam um subgrupo com elevado risco de eventos CV, estando
recomendado, de acordo com as varias linhas de orientagcdo, um manejo mais agressivo destes
doentes (4-6).

No entanto este trata-se também de um subgrupo muito heterogéneo de doentes e para o qual
ndo estd actualmente indicada antiagregacdo em prevencdo primaria, reforcando o potencial
papel de métodos de estratificacdo de risco que possam identificar os doentes antes das

manifestagdes clinicas da aterosclerose.

7.2 DIABETES COMO EQUIVALENTE DE RISCO DE DOENCA CORONARIA

Num estudo classico publicado em 1998 no New England Journal of Medicine, que ficou conhecido
como o estudo Haffner, foi avaliada a taxa de EAM numa populacdo com e sem diabetes, para
responder a questdo se os doentes com diabetes deveriam ser alvo de uma terapéutica agressiva
semelhante a que se fazia para os doentes com antecedentes de EAM. Neste trabalho, a taxa de
enfarte verificada ao longo dos 7 anos de seguimento nos doentes com diabetes, foi sobreponivel
a dos doentes ja com antecedentes de EAM (7). Este foi um dos trabalhos que levou ao conceito
da diabetes como equivalente de risco de doenga coronaria, justificado por se antecipar uma taxa
de eventos semelhante ao de uma populacao de prevencao secunddaria pds-enfarte.

Nas recomendagdes do NCEP-ATP3 publicadas em 2001 a diabetes vem considerada no patamar
de risco mais elevado, a par de outros equivalentes como a doenc¢a vascular periférica, o
aneurisma da aorta abdominal, a doenca carotidea sintomatica ou uma conjugacao de diferentes

factores de risco que confiram um risco de morte ou EAM superior a 20% aos 10 anos (6).
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Nas recomendagdes europeias é feita a mesma equivaléncia, sendo um doente com diabetes
considerado pelo menos de elevado risco CV, com risco 25% de morte CV a 10 anos ou até de
muito alto risco (210% morte CV a 10 anos) se tiver associado outros factores de risco e/ou

lesdes de 6rgdo alvo como microalbumindria (5).

No entanto, a diabetes representa um grupo bastante heterogéneo de doentes e trabalhos mais
recentes colocaram em questdo se o risco desta populacdo estaria ao nivel de um patamar de
prevencao secundaria.

Num estudo que desafiou o conceito de diabetes como equivalente de doenca corondria, foi feita
a comparacdo da taxa de eventos vasculares de acordo com a presenca de diabetes ou de doenca
corondria (estenose 250% na coronariografia invasiva), tendo sido concluido que a diabetes por
si s6 ndo deveria ser considerado como equivalente de risco de doenca coronaria, uma vez que a
taxa de eventos verificada aos 4 anos de seguimento nos doentes com diabetes mas sem doenga
corondria era significativamente inferior a dos doentes com antecedentes de doenga coronaria e
sem diabetes (8).

Num outro trabalho recentemente publicado que envolveu 1,2 milhdes de doentes da base de
dados do “Alberta Kidney Disease Network (AKDN) e o National Health and Nutrition Examination
Survey (NHANES)”, seguidos durante 4 anos, a taxa de EAM no subgrupo de doentes com diabetes
(5,4 EAM por 1000 doentes/ano) foi claramente inferior a dos doentes com EAM prévio. (18,5
EAM por 1000 doentes/ano) (9). Neste registo de larga dimensdo, esta taxa de EAM verificada
nos doentes com diabetes foi ainda inferior a verificada nos doentes com insuficiéncia renal
crénica (6,9 EAM por 1000 doentes/ano), definida neste estudo como uma taxa de filtracdo

glomerular estimada <60ml/min/1.73m?2.

Por outro lado, embora o beneficio dos antiagregantes plaquetares seja indiscutivel nos doentes
com diabetes e doenca CV estabelecida (10), a sua indicacdo em prevencdo primaria é mais
duvidosa e actualmente ndo recomendada na auséncia de manifestacdes clinicas de aterosclerose
(5).

Numa meta-andlise de 6 estudos randomizados de aspirina vs placebo, envolvendo mais de
10.000 individuos em preven¢ao primaria, ndo foi possivel documentar reducdo significativa da
taxa de eventos CV na populagdo global, embora tenha ocorrido uma redugao significativa na taxa
de EAM no sexo masculino (11).

Este achado é aparentemente paradoxal, uma vez que nos doentes com diabetes existe um estado
de maior activacdo plaquetar e endotelial que contribuem para a criacdo de um meio proé-
trombético (12). No entanto, a auséncia de um beneficio claro da antiagregacdo em prevengao
primaria podera ser reflexo de uma maior taxa de resisténcia ao acido acetilsalicilico nestes
doentes (13). Por outro lado, esta auséncia de beneficio do uso indiscriminado de antiagregacdo
nos doentes com diabetes pode colocar em evidéncia a heterogeneidade desta populagao, sendo

que em varios casos a baixa taxa de eventos CV pode ndo ser suficiente para contrabalancar o
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aumento das complicacdes hemorragicas associadas ao uso destes farmacos. Torna-se assim
necessario em prevenc¢do primadria estratificar o risco destes doentes, para melhor decidir quais

beneficiam destas medidas farmacolégicas mais agressivas.

7.3 A DIABETES MELLITUS COMO SUBGRUPO MODELO DE ELEVADA CARGA
ATEROSCLEROTICA CORONARIA

A doenga corondria é a causa de morte mais comum nos doentes com diabetes (14) e em termos
epidemiolégicos, o risco de EAM destes doentes é cerca de 2 vezes superior ao da populacdo ndo
diabética, de acordo com os resultados do estudo INTERHEART ( (15).

Independentemente de se considerar ou ndo a diabetes como equivalente de risco de doenga
corondria e assim alvo de prevencdo secunddria, nos doentes que tém doenca corondria
estabelecida existem alguns aspectos particulares, nomeadamente em relacdo a extensao e
distribuicdo da doencga, que a tornam um subgrupo modelo de elevada carga aterosclerdética
coronaria. Na presenca de diabetes, a doenca corondria é frequentemente mais extensa, com
maior nimero de lesdes e vasos envolvidos. Por outro lado, a distribuicdo anatémica das placas
na arvore corondria pode ser diferente, favorecendo uma localizacdo mais distal nos doentes com
diabetes. De acordo com a andlise da distribui¢do dos diferentes indices de carga ateroscleroética
dos doentes incluidos na tese, todos os indices estudados eram significativamente mais
prevalentes nos doentes com diabetes, que tinham um numero superior de placas em todos os
vasos - artigo 16 (16). Neste trabalho foi feita a analise detalhada por segmento da arvore
corondria (mais de 8000 segmentos avaliados), incluindo as lesdes nao obstrutivas, o que
permitiu estudar a distribuicdo anatémica na darvore corondria, tendo-se verificado uma
distribuicao preferencial das lesdes pelos segmentos mais distais (racio proximal/distal 0,75),
por comparac¢ao com os doentes sem diabetes (racio proximal/distal 1,04). Esta mais elevada
carga aterosclerotica e diferente distribui¢cdo na arvore coronaria podera ter implica¢des para a

eficacia das estratégias de revascularizagdo miocardica nestes doentes.

Por outro lado, a inflamacao desempenha um papel central na aterosclerose e pode ser um factor
unificador da fisiopatologia da diabetes e da doenga corondria, de acordo com a hipdtese
“common soil” que sugere que um estado de inflamacgao de baixo grau poderia ser o meio propicio
ao desenvolvimento da resisténcia a insulina e a formacdo e desenvolvimento das placas
ateroscleroticas na arvore vascular (17). Esta hipétese vem refor¢ada ndo sé pela associacdo

epidemioldgica, mas sobretudo por trabalhos que demonstraram o papel da inflamag¢dao no
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desenvolvimento do processo aterosclerético (18) e a associacdo entre niveis elevados de
factores inflamatdrios e pré-tromboticos e o desenvolvimento subsequente de diabetes (19).

De qualquer modo, em ultima andlise, o aparecimento dos eventos CV nestes doentes é o
resultado de complexas interac¢des entre as lesdes ateroscleréticas vulneraveis, do meio pro-
trombotico ou sangue vulneravel e também da vulnerabilidade do miocardio, no conceito actual
que ultrapassa a visdo mais simplificada da placa, passando para o conceito do doente vulneravel

(20, 21).

7.4 IMPLICACOES PARA A DECISAO DA ESTRATEGIA DE REVASCULARIZACAO.

A escolha da estratégia de revascularizagdo, deve ter em conta estes aspectos particulares da DC
na diabetes. Varios estudos demonstraram que quanto mais extensa e complexa é a doenca
corondria maior é o beneficio da revascularizacdo cirdrgica em relacdo a angioplastia, motivo
pelo qual na doencga do tronco comum, na doen¢a de 3 vasos e na doenca de 2 vasos com
envolvimento da descendente anterior proximal a recomendacgdo é mais forte para a cirurgia vs
angioplastia (22), sobretudo em scores de Syntax elevados (23, 24).

Por outro lado, os doentes com diabetes representam um subgrupo com maior mortalidade e
morbilidade apés revascularizacdo, seja ela cirurgia ou percutdnea (4, 22). Apds a angioplastia
em particular, os doentes com diabetes tem maior risco de reestenose e de trombose, sendo

justificado o uso de stents “drug-eluting” e medidas farmacoldgicas mais agressivas (25-27).

No estudo BARI-2D, doentes com diabetes e doenga corondria estavel foram randomizados para
terapéutica medica optimizada isolada ou em associa¢do a revascularizacdo, tendo havido um
beneficio desta ultima, mas apenas no subgrupo cirurgico (28).

No recentemente publicado ensaio randomizado FREEDOM, ficou demonstrada mais uma vez a
superioridade da revascularizagdo cirurgica em relagdo a angioplastia com stents “drug-eluting”
nos doentes com diabetes e envolvimento multivaso, com menor taxa de morte e EAM, embora a
custa e uma maior incidéncia de acidentes vasculares cerebrais (29).

Na analise dos doentes com diabetes ou sindrome metabdlico incluidos no estudo SYNTAX, foi
igualmente demonstrada superioridade da revascularizagdo cirtirgica, embora apenas nos

doentes com anatomia corondria mais complexa, no ultimo tercil de score de Syntax (30).

No registo multicéntrico PORTO, que avaliou a eficicia da angioplastia com stents “drug-eluting”
em vasos de pequeno calibre, a taxa de eventos cardiacos foi significativamente superior no
subgrupo de doentes com diabetes (que representaram 44% dos doentes incluidos,
nomeadamente a taxa de reestenose. No entanto, a grande maioria das novas revasculariza¢des

verificadas no seguimento a 1 ano deste registo resultaram de progressao da doenc¢a noutros
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segmentos da arvore corondria, com revascularizagdes do mesmo vaso ndo resultantes de

restenose e bem como de outros vasos (31).

O principal motivo para a consistente superioridade da cirurgia em relagdo a angioplastia nos
doentes com diabetes estd relacionado com a necessidade de novos procedimentos de
revascularizacdo no seguimento, por progressao de lesdes anteriormente ndo obstrutivas. Esta
variavel é mais importante para um tratamento mais focal, como é o caso da angioplastia, embora
também possa interferir com o resultado da cirurgia, se houver progressdo de doen¢a nos
segmentos da arvore corondria distais as anastomoses. Deste modo, a carga aterosclerotica
corondria parece ser determinante para a manutenc¢do a longo prazo de um bom resultado do
procedimento de revascularizacdo, pelo que a sua avaliagdo podera ser uatil no manejo destes

doentes.
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Abstract (1) To study the prevalence and severity of
coronary artery disease (CAD) in diabetic patients. (2) To
provide a detailed characterization of the coronary ath-
erosclerotic burden, including the localization, degree of
stenosis and plaque composition by coronary computed
tomography angiography (CCTA). Single center prospec-
tive registry including a total of 581 consecutive stable
patients (April 2011-March 2012) undergoing CCTA
(Dual-source CT) for the evaluation of suspected CAD
without previous myocardial infarction or revascularization
procedures. Different coronary plaque burden indexes and
plaque type and distribution patterns were compared
between patients with (n = 85) and without diabetes
(n = 496). The prevalence of CAD (any plaque; 74.1 vs.
56 %; p = 0.002) and obstructive CAD (=50 % stenosis;
31.8 vs. 10.3 %; p < 0.001) were significantly higher in
diabetic patients. The remaining coronary atherosclerotic
burden indexes evaluated (plaque in LM-3v-2v with prox.
LAD; SIS; SSS; CT-LeSc) were also significantly higher in
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diabetic patients. In the per segment analysis, diabetics had
a higher percentage of segments with plaque in every
vessel (2.6/13.1/7.5/10.5 % for diabetics vs. 1.4/7.1/3.3/
4.4 % for nondiabetics for LM, LAD, LCx, RCA respec-
tively; p < 0.001 for all) and of both calcified (19.3 vs.
9.2 %, p < 0.001) and noncalcified or mixed types (14.4
vs. 7.0 %; p < 0.001); the ratio of proximal-to-distal rela-
tive plaque distribution (calculated as LM/proximal vs.
mid/distal/branches) was lower for diabetics (0.75 vs. 1.04;
p = 0.009). Diabetes was an independent predictor of
CAD and was also associated with more advanced CAD,
evaluated by indexes of coronary atherosclerotic burden.
Diabetics had a significantly higher prevalence of plaques
in every anatomical subset and for the different plaque
composition. In this report, the relative geographic distri-
bution of the plaques within each subgroup, favored a more
mid-to-distal localization in the diabetic patients.

Keywords Diabetes - Coronary artery disease -
Atherosclerotic burden - Coronary CT angiography

Introduction

Patients with diabetes are considered to be at an increased
risk of cardiovascular events and therefore it has been
recommended by many guidelines a more aggressive
management of this subset of patients, especially for those
with established cardiovascular disease [1, 2].

By contrast, on a primary prevention unselected popu-
lation level, some of the preventive measures for diabetic
patients, like the use of antiplatelets, have failed to dem-
onstrate a clear clinical benefit [3] and are no longer rec-
ommended in the absence of clinical evidence of
atherosclerotic disease [4]. The reason for the lack of
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benefit of aspirin in diabetic patients is likely related to the
fact that diabetic patients represents an heterogeneous
subset in what concerns the prevalence and severity of
atherosclerotic coronary burden.

This illustrates the need for risk stratification of diabetic
patients to identify the ones that can benefit from a more
aggressive management at earlier stages. This is an
opportunity for noninvasive imaging modalities, such as
coronary computed tomography angiography (CCTA),
which provides a detailed and comprehensive evaluation of
the presence and extent of coronary artery disease (CAD),
and can play an important role identifying the diabetic
patients that could benefit from a more aggressive pre-
vention of cardiovascular events.

Since CCTA is used mainly as a gatekeeper for the
exclusion of significant CAD [5], most of the referred
patients are at low to intermediate risk, this provides a good
setting to study atherosclerotic disease at an earlier stage.

Therefore the aim of this study is two-folded:

1. To study the prevalence and severity of CAD in
diabetic patients at earlier stages of CAD, to further
evaluate the concept of CAD equivalent.

2. To provide a detailed characterization of the coronary
atherosclerotic burden in diabetic patients, using
the comprehensive information derived from CCTA
on the localization, degree of stenosis and plaque
composition.

Methods
Population

Single center prospective registry, including a total of 772
consecutive patients undergoing CCTA (with Dual source
CT), from April 2011 to March 2012.

Patients were excluded if: (1) previous history of myo-
cardial infarction and/or revascularization procedures
(n = 70); (2) referred for Cardiac CT for other indications
than the evaluation of possible CAD (cardiac CT for atrial
fibrillation ablation or transcatheter aortic valve implanta-
tion procedures; n = 88); (3) referred for suspected acute
coronary syndromes (n = 24); (4) with atrial fibrillation or
other significant arrhythmias during scan acquisition that
compromised image quality (n = 9). This resulted in a
24.7 % of the total population being excluded.

For the purpose of this study, 581 stable patients refer-
red for suspected CAD were included in the context of: (1)
Previous equivocal or inconclusive stress tests or discor-
dant with the clinical evaluation (n = 417, 71.8 %); (2)
Cardiac CT as 1st line investigation of possible CAD
(n = 136, 23.4; %); 3) Preoperative CAD assessment

@ Springer

prior to noncoronary valvular or aortic surgery (n = 17;
2.9 %); (4) Evaluation of possible CAD in cardiomyopa-
thies (Dilated or Hypertrophic) (n = 11; 1.9 %) (Fig. 1:
Patient selection and study design).

The study was approved by the local ethics committee
and all patients gave a written informed consent.

A detailed medical history by means of a risk factors
questionnaire was obtained from the patients to assess for
the presence of: (1) Diabetes mellitus (defined as a fasting
glucose level of 27 mmol/l or the need for insulin or oral
hypoglycemic agents) [6]; (2) Dyslipidemia (defined as a
total cholesterol level 25 mmol/l or treatment with lipid-
lowering drugs) [7]; (3) Hypertension (defined as blood
pressure 2140/90 mm Hg or the use of antihypertensive
medication) [8]; (4) Obesity (body mass index 230 kg/mz);
(5) positive family history of premature CAD [defined as
the presence of CAD in first-degree relatives younger than
55 (male) or 65 (female) years of age] [9]; (6) smoking
(defined as previous <1 year) or current smoker.

Pre-test probability of CAD was determined using both
the Diamond and Forrester extended CAD consortium
method (DF-CAD consortium model) [10] and the Morise
score [11]. The cardiovascular risk was assessed with the
HeartScore [4]. For the DF-CAD consortium probability
model, as the CAD probability and CV risk of our popu-
lation was shifted to lower probability (less that 2 % had a
270 % DF probability), the DF-CAD consortium model
categories 230-70 % and 270 % were gathered in a
intermediate to high (=30 %) probability group. For the
Morise, the original described cut-off points (for low,
intermediate and high probability) were used, and for the
HeartScore the established high risk cut-off of 25 % was
used.

Scan protocol and image reconstruction

All scans were performed with a dual-source scanner
(Somatom Definition, Siemens Medical, Germany), with
the patient in dorsal decubitus and in deep inspiration
breath-hold. Sublingual nitroglycerin was administered to
all patients except when contraindicated and intravenous
metoprolol (5 mg, with a titration dose up to 20 mg) was
administered in patients with heart rate >65 beats/min.

During the scan acquisition, a bolus of iodinated con-
trast (Visipaque, GE Healthcare, USA) was injected at a
6 ml/s infusion rate, followed by a 50-ml saline flush. The
dose of contrast was calculated according to the following
formula: (acquisition time + 6 s delay) x flow (6 ml/s).
Contrast timing was performed to optimize uniform con-
trast enhancement of the coronary arteries.

Dose strategies—including electrocardio-
gram-gated tube current modulation, reduced tube voltage,
and prospective axial triggering—were used whenever

reduction
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Fig. 1 Patient selection and
study design. CAD coronary
artery disease, TAVI
transcatheter aortic valve
implantation, aFib atrial
fibrillation, MI myocardial

All consecutive patients referred for Cardiac CT
April 2011-March 2012

(n=772)

infarction, CABG coronary
artery bypass grafting, PCI
percutaneous coronary
intervention, ACS acute
coronary syndromes

Excluded (n=182, 24.7%)

1)Cardiac CT for other than evaluation of possible CAD
(Ex: TAVI, aFib ablation) (n=88; 11.4%)

2)Previous M, CABG, PCI (n=70, 9.1%)
3)Emergency department (possible ACS) (n=24; 3.1%)

4)Atrial fibrillatien or other significant arrhythmias
compromising image gquality (n=9; 1.2%)

Included (n=581, 75.3%)
Stable patients referred for the evaluation of possible CAD

No Diabetes
(n=496, 85.4%)

Diabetes
(n=85, 14.6%)

feasible. Mean estimated radiation dose was 4.6 £
3.7 mSyv, contrast dose was 98.9 + 14.4 ml and heart rate
was 65.6 = 10.6 bpm.

Transaxial images were reconstructed with a temporal
resolution of 83 ms and slice thickness of 0.75 mm with
0.4 mm increments.

Post-processing was carried out using Circulation®
software, with multiplanar reconstructions, maximum
intensity projection and volume rendering technique.

Coronary artery analysis

All scans were analyzed in the same session by both a
cardiologist and a radiologist with Level Ill—equivalent
experience. The Society of Cardiovascular Computed
Tomography (SCCT) recommended classification was used
regarding segmentation (16 segments), stenosis severity
(<25; 25-49; 50-69; 70-99; 100 %) and plaque composi-
tion (calcified, noncalcified, mixed plaque) [12]. In each
coronary artery segment, coronary atherosclerosis was
defined as tissue structures >1 mm? that existed either
within the coronary artery lumen or adjacent to the coro-
nary artery lumen that could be discriminated from sur-
rounding pericardial tissue, epicardial fat, or the vessel
lumen itself. [13] Coronary atherosclerotic lesions were

quantified for stenosis by visual estimation. Percent
obstruction of coronary artery lumen was based on a
comparison of the luminal diameter of the segment
exhibiting obstruction to the luminal diameter of the most
normal-appearing site immediately proximal to the plaque.

In the detailed per segment analysis, for the distribution
of plaque on the 3 main coronary vessels, this rules were
applied: plaques in the diagonal branches were counted as
belonging to the left anterior descending (LAD); plaques in
the obtuse marginal an intermediate branch were counted
as belonging to the LCx; plaques in the posterior
descending and right postero-lateral were counted as
belonging to the right coronary artery (RCA). For the last
two, coronary dominance was taking into account. The
ratio of “proximal-to-distal relative plaque distribution”
was calculated as the proportion of plaques between these
two subgroups: (1) Left main and proximal segments of the
LAD, LCx and RCA; (2) Mid and distal segments of LAD
and RCA, distal LCx and all evaluable coronary branches.

Definition of the coronary atherosclerotic burden
indexes

The following coronary atherosclerotic burden indexes
were evaluated and compared between patients with and

@ Springer
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CAD (any plaque)=1
Obstructive CAD=0

CT-LeSc =0.615
LM-3V-2Vprox

Prox. RCA, calcific plaque, $25%
LM, LAD, LCx — no plagle

Fig. 2 Two case examples of diabetic patients with nonobstructive
CAD. The different plaque burden indexes are shown. CAD coronary
artery disease, SIS segment involvement score, SSS segment stenosis
score, CT-LeSc CT Leaman score, LM left main, LAD left anterior

without diabetes: (1) Coronary artery disease (CAD)—
presence of any plaque in the coronary tree; (2)
“Obstructive CAD”—presence of at least one plaque with
250 % stenosis; (3) “LM-3v-2v with proximal LAD”—
Plaque in the left main or in the 3 main epicardial vessels
or in 2 main epicardial vessels including the proximal
left anterior descending (LAD); (4) “SIS”—segment
involvement score, obtained as the total number of seg-
ments with plaque; (5) “SSS”—segment stenosis score,
obtained by grading the stenosis severity of each segment
with plaque, as was previously described [13]. For these
last two, the prognostically validated cut-offs (>5) were
used [13]

(6) “Calcium score (CaSc) 21007; (7) “CaSc 275th
percentile” (according to published nomograms [14]; (8)
CCTA-adapted Leaman score (CT-LeSc)—this score was
calculated taking in account 3 weighting factors (locali-
zation, plaque composition and stenosis severity) according
to previously described methodology and the same cut-off
for high plaque burden (>8.3) was used (provided as
additional information to the reviewers, since the manu-
script, where it is originally described, is under consider-
ation elsewhere). In Fig. 2, two case examples of diabetic
patients with nonobstructive CAD are shown, with the
different plaque burden indexes.

@ Springer

CAD (any plaqu
Obstructive CAD=0
5IS=3; $55=2
CT-LeSc=8.5
LM-3V-2VproxLAD=1
3 5 4
Distal LM mixed plaque 25-5
Prox. LAD mixed plaque 25
Mid LAD 2 plagues <25%
and RDA - no plaque

descending, LCx left circunflex, RCA right coronary artery, LM-3 V-
2VproxLAD plaque in left main or 3 vessels or 2 vessels with
proximal LAD

Statistical analysis

Continuous variables are presented as mean £ SD or
medians (interquartile range) and categorical variables as
frequencies with percentages.

The non-parametric Mann—Whitney or Kruskal-Wallis
tests were used to compare continuous variables. Chi
square test was used to evaluate differences in frequencies.
Differences were regarded significant when p < 0.05 (two-
tailed).

Multivariate analyses (binary logistic regression
model—enter method) were performed to identify inde-
pendent predictors of CAD (any plaque and obstructive)
using the demographic and clinical variables presented in
Table 1, that were significant in univariate analysis
(p <0.05). A second multivariable analyses was per-
formed to identify independent predictors among the clin-
ical scores of CAD probability (Diamond-Forrester CAD
consortium model and Morise score) and the CV risk score
HeartScore. For the detailed per segment analysis, the unit
of measure was each segment and there were no adjust-
ments or corrections made for the serial correlation
between segments.

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was
used for all statistical analyses.
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Results
Study population

In the final study population (n = 581), 85 patients were
diabetics (14.6 %).

Regarding the demographic and clinical variables, dia-
betic patients were older (mean age 61.4 %+ 8.7 vs.
56.9 £ 11.3) and had a higher prevalence of obesity (28.6 %
vs. 17.4 %) and hypertension (84.7 vs. 58.9 %). This was
predominantly a population with low to intermediate CAD
probability, more so in the nondiabetic population since
61.7 % had a DF-CAD consortium <30 and 90.7 % had a
Morise score <16. The cardiovascular risk, as estimated with
the HeartScore (>5 %), was significantly higher in the
patients with diabetes (42.4 vs. 22.6 %) (Table 1).

Independent predictors of CAD

Diabetes was an independent predictor of both the presence
of plaque (OR 1.81; 95 % CI 1.02-3.21; p = 0.041) and of
obstructive CAD (OR 3.69; 95 % CI2.08-6.53; p < 0.001).
The other independent predictors of the presence of plaque
were age =265 years (OR 3.42; 95 % Cl 2.15-5.45;
p <0.001), male sex (OR 2.72; 95 % CI 1.85-4.01;

Table 1 Demographic and clinical characteristics of the study
population

No diabetes Diabetes P
(n = 496) (n = 85)

Demographic

Age 569 £ 11.3 614 +£87 <0.001

Male sex 277 (55.8) 47 (55.3) 1.000
Risk factors

Obesity (BMI 230) 85 (17.4) 24 (28.6) 0.023

Hypertension 292 (58.9) 72 (84.7) <0.001

Dyslipidemia 301 (60.7) 59 (69.4) 0.147

Smoking 118 (23.8) 20 (23.5) 1.000

Family history of premature 168 (33.9) 26 (30.6) 0.619

CAD

Chest pain 265 (543) 46 (54.1) 1.000
CAD probability

DF-CAD consortium 230 % 189 (38.1) 42 (49.4) 0.049

DF-CAD consortium <30 % 307 (61.9) 43 (50.6)

Morise score 216 46 (9.3) 26 (30.6) <0.001

Morise score 9-15 316 (63.7) 53 (62.4)

Morise score 0-8 134 (27.0) 6 (7.1)
CV risk

HeartScore 25 % 112 (22.6) 36 (42.4) <0.001

Values are mean £+ SD or n (%)

CAD coronary artery disease, BMI body mass index, DF-CAD con-
sortium diamond-forrester CAD consortium model, CV cardiovascular

p < 0.001), hypertension (OR 1.82; 95 % CI 1.23-2.67,
p = 0.002), dyslipidemia (OR 1.89;95 % C11.29-2.77;p =
0.001), chest pain (OR 0.62; 95 % CI10.42-0.91;p = 0.014)
an DF-CAD consortium 230 % (OR 2.62; 95 % CI
1.704.05; p < 0.001), a Morise score 216 (OR 2.55; 95 %
CI 1.57-4.14; p < 0.001), and an HeartScore 25 % (OR
3.90;95 % CI2.19-6.94; p < 0.001). The other independent
predictors of obstructive CAD were age 265 years (OR 1.98;
95 % CI1.16-3.37; p = 0.012), male sex (OR 2.94;95 % CI
1.68-5.15; p < 0.001), an DF-CAD consortium 230 % (OR
1.88; 95 % CI 1.04-3.42; p = 0.038), a Morise score 216
(OR 1.84; 95 % CI 1.06-3.20; p = 0.031), and an Heart-
Score 25 % (OR 2.71; 95 % CI 1.50-4.88; p = 0.001).

Coronary artery disease prevalence, severity
and coronary atherosclerotic burden indexes—per
patient analysis

The prevalence of plaques in the coronary arteries was high
in the overall study population, but this was significantly
higher for diabetic patients, as almost 3 out of 4 diabetic
patients (74.1 %) had plaques in the coronary arteries.

Table 2 Calcium score and CCTA characteristics of the study
population

No diabetes Diabetes P
(n = 496) (n = 85)
Calcium score
Median 0 (0-67) 68 (0-311)  <0.001
CaSc 2100 96 (19.4) 40 (47.1) <0.001
CaSc 275th percentile 60 (12.1) 23 (27.1) 0.001
CCTA
Normal/No plaque 217 (43.8) 22 (25.9) <0.001
Nonobstructive CAD 228 (46.0) 36 (42.4)
Obstructive CAD 51(10.3) 27 (31.8)
Coronary atherosclerotic burden indexes
Plaque in LM-3v-2v with 178 (35.9) 53 (62.4) <0.001
prox. LAD
Segment involvement score 66 (13.3) 31 (36.5) <0.001
>5
Segment stenosis score >5 25 (5.0) 21 (24.7) <0.001
CT-Leaman Score 28.3 79 (15.9) 35 (41.2) <0.001
Technical data
Heart rate (bpm) 653 £ 10.6 67.0+ 102 0.172
Contrast dose (ml) 993 £ 147 96.7 £ 123 0.119
Radiation dose (mSv) 47 + 49 57+38 0.069

Values are mean + SD, median (IQR) or n (%)

CaSc calcium score, CCTA coronary computed tomography angiog-
raphy, CAD coronary artery disease, LM-3v-2v left main, 3 vessel, 2
vessel, LAD left anterior descending, bpm beats per minute, mSv
milisievert
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p=0.002

74,1%

Fig. 3 Diabetes and indexes of
coronary atherosclerotic burden.
CAD coronary artery disease,
LM left main, LAD left anterior
descending, LCx left circunflex,
LM-3 V-2VproxLAD plaque in 0%
left main or 3 vessels or 2

vessels with proximal LAD, SIS 50%
segment involvement score, SSS

segment stenosis score, CT- 0% p<0.001
LeSc CT Leaman score o
30% I
20%
10;;
10%

¥ No diabetes (n=496)
¥ Diabetes (n=85)

p<0.001

47,1%

p<0.001

A%

= p<0.001

24.7%

CAD Obst. CAD

(any plaque)  (250% stenosis)

100% p=0.002
8.2% “ Females (n=257)
ae] B0 i = Males (n=324)
63,9%
60% | 52, p=0.018
46,1%
7 42,6%
40%
p=0.005
20% 18,45
18,7%
5,9%
No diabetes Diabetes No diabetes Diabetes
CAD b: ctivi
(any plaque) (250% stenosis)

Fig. 4 Prevalence of coronary artery disease (any plaque and
obstructive) across the different diabetes and sex subgroups. CAD
coronary artery disease

All the indexes of coronary atherosclerotic burden were
significantly higher in diabetics as compared to nondia-
betics (Table 2; Fig. 3).

For some of these indexes, like the presence of
obstructive disease, and the SSS, the prevalence was 3-5
times higher in diabetics.

By gender, male diabetics had more often coronary
artery disease (any plaque and obstructive), as compared to
their counterparts (Fig. 4).

Prevalence, localization and type of plaques—per
segment analysis

For the analysis of the atherosclerotic burden indexes,
8,136 coronary segments were evaluated for the presence

@ Springer
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of plaque, degree of stenosis and type of plaque. Because
of small size (<2 mm) or insufficient image quality related
to artifacts or severe calcification, 866 (10.6 %) segments
were excluded (n =723-104 % in nondiabetics;
n = 143-12.0 % in diabetics).

On a “per evaluable segment” analysis, diabetics had
significantly more segments with plaque and this was
observed in the left main as well as in the other 3 coronary
territories and in both more proximal and more distal
locations (Table 3; Fig. 5). The prevalence of obstructive
plaque was also significantly higher in patients with, as
compared to patients without diabetes (11.6 vs. 6.9 %,
p <0.001).

On a “per segment with plaque” analysis, nondiabetics
had an almost equal distribution of plaques between more
proximal (LM/proximal segments) and more mid-to-distal
(Mid/distal/branches) localization (ratio of 1.04), but the
opposite was seen in patients with diabetes, in whom more
plaques were found in the more mid-to-distal segments, as
reflected by a ratio of “proximal-to-distal relative plaque
distribution” of 0.75 (Table 3).

Regarding plaque composition, diabetics had also a
higher percentage of all types of plaques (both calcified and
noncalcified or mixed plaques) per evaluable segment
(Table 4).

Discussion

The main findings of this study are:

1. Although diabetic patients had a higher prevalence of
coronary artery disease, coronary atherosclerotic
plaques were commonly observed in both patients
with and without diabetes.
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Table 3 Prevalence, and localization of plaques—per segment analysis

No diabetes (n = 496;
6,957 segments)

Diabetes (n = 85; P
1,187 segments)

All evaluable segments 6,234 (89.6) 1,044 (88.0) 0.093
Segments with any plaque 1,008 (16.2) 352 (33.7) <0.001
Coronary artery distribution
Any plaque in the LM 87 (1.4) 27 (2.6) 0.007
Any plaque in the RCA 276 (4.4) 110 (10.5) <0.001
Any plaque in the LAD 441 (7.1) 137 (13.1) <0.001
Any plaque in the LCx/Ramus 204 (3.3) 78 (71.5) <0.001
Proximal versus distal distribution
Any plaque in LM/Proximal 514 (8.2) 151 (14.5) <0.001
Any plaque in Mid/Distal/Branches 494 (7.9) 201 (19.3) <0.001
“Ratio of proximal-to-distal relative plaque distribution” 1.04 (514/494) 0.75 (151/201) 0.009

“Ratio of proximal-to-distal relative plaque distribution”—proportion of plaques in the “LM/Proximal” versus “Mid/Distal/branches”

LM left main, RCA right coronary artery, LAD left anterior descending, LCx left circunflex, Ramus intermediate branch, “LM/Prox” left main or
proximal segments of the LAD, LCx or RCA, “Mid/Distal/Branches” mid or distal segments of the LAD and RCA, distal segment of the LCx,

and branches

p<0.001

p<0.001

26%

13,1%

® No diabetes (n=6234 segments)
= Diabetes (n=1044 segments)
p<0.001
10,5%

M LAD

LCx RCA

Fig. 5 Prevalence and localization of plaques (any plaque) on a per
segment analysis. LM left main, LAD left anterior descending, LCx
left circunflex, RCA right coronary artery

Table 4 Type of plaques—per
segment analysis

LM left main, RCA right
coronary artery, LAD left
anterior descending, LCx left
circunflex, Ramus intermediate
branch, “LM/Proximal” left
main or proximal segments of
the LAD, LCx or RCA, “Mid/
Distal/Branches” Mid or distal
segments of the LAD and RCA,
distal segment of the LCx, and
branches

2. Several different coronary atherosclerotic burden indexes
were more prevalent in diabetics, indicating more diffuse
and severe CAD, and this was especially true for males.

3. In the detailed per segment analysis, diabetics had a
higher percentage of segments with plaque in every
vessel and of both calcified and noncalcified or mixed
types; ratio of proximal-to-distal relative plaque distri-
bution suggested an anatomical gradient in the geo-
graphic distribution, with higher proportion of disease
involvement in the mid/distal/branches segments in
diabetic patients.

Diabetes as an heterogeneous group—not all diabetics
have the same CV risk

For many years, diabetic patients have been considered as a
subset at higher risk of cardiovascular events. Nevertheless,

No diabetes (n = 496; Diabetes (n = 85; P
6,957 segments) 1,187 segments)
All evaluable segments 6,234 (89.6) 1,044 (88.0) 0.093
Segments with any plaque 1,008 (16.2) 352 (33.7) <0.001
Calcified plaque
All segments 571 9.2) 202 (19.3) <0.001
LM/Proximal 291 (4.7) 83 (8.0) <0.001
Mid/Distal/Branches 280 (4.5) 119 (11.4) <0.001
Noncalcified or mixed plaques
All segments 437 (7.0) 150 (14.4) <0.001
LM/Proximal 223 (3.6) 68 (6.5) <0.001
Mid/Distal/Branches 214 (3.4) 82 (7.9) <0.001
@ Springer
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it has been difficult to prove a clear benefit of some primary
prevention measures, like is the case of aspirin in the pri-
mary prevention of cardiovascular events. This inconsistent
benefit of aspirin in the absence of clinical manifestations
of cardiovascular disease, can be related to the fact that it is
less effective in these patients [15] or more likely that
diabetic patients are an heterogeneous group in terms of
cardiovascular disease presence and extent. This way,
without risk stratification, we could be overtreating some
low risk diabetic patients, exposing them to the risk of side
effects that could offset the reduction in expected athero-
thrombotic events rate.

Of note, there has been a more consistent beneficial
effect of aspirin as primary preventive measure in males,
for reducing the risk of myocardial infarction [3] and this is
in line with our findings of higher prevalence of coronary
plaques and obstructive CAD in this subgroup, as com-
pared to females.

Recently, Saely et al. [16] revisited the concept of dia-
betes as a CAD equivalent in a study comparing the vas-
cular event rate of patients according to the presence of
diabetes and/or CAD. In this study, diabetes was not per se
a CAD risk equivalent, since diabetic patients without
significant CAD had a lower event rate than nondiabetic
patients with significant CAD.

CCTA derived coronary atherosclerotic burden indexes

Scores derived from invasive angiography have previously
demonstrated to further stratify diabetic patients with more
advanced CAD [17]. We hypothesized that this could also be
the case for diabetics with less severe CAD, using the com-
prehensive information derived from CCTA on the presence,
localization, degree of stenosis and plaque composition.
Several different aspects of coronary disease are
reflected in these scores: prevalence and severity (any
plaque and obstructive CAD), number of plaques (SIS),
number and distribution (plaque in LM-3v-2v with prox.
LAD), number and stenosis severity (SSS), absolute and
relative amount of calcified plaque (CaSc 2100 and 275th
percentile) and localization, stenosis severity and type of
plaque (CT-Le score). All the coronary atherosclerotic
burden indexes were significantly higher in diabetics as
compared to nondiabetics, reflecting the higher prevalence
as well as the more severe coronary disease of this subset
of patients and they can be useful as noninvasive imaging
tools for risk stratification. Some of these indexes have
already been prognostically validated and demonstrated a
good correlation with major cardiovascular events [13, 18,
19]. In our view, since the prevalence of plaque is very
high, even in this predominantly low-to-intermediate CAD
probability population, these coronary atherosclerotic bur-
den indexes can help risk stratify patients and should

@ Springer

ideally be included in the CCTA report. However, since
they convey information on different aspects of CAD, with
some overlap in the information they provide and, in
clinical practice, reporting on all of them is not suitable,
ideally we should be able to decide in the future which
one(s) should be routinely used, based on their prognostic
performance.

Anatomical distribution and plaque composition

In this report, the higher prevalence of plaques in diabetic
patients was seen in the left main as well as in the other 3
coronary territories and in both proximal and distal locations.
Regarding the left main and the other proximal locations, we
observed a higher percentage of plaques in diabetics as
compared to nondiabetics. This is in line with previous
studies linking the geographic distribution of myocardial
infarction culprit lesions to more proximal locations in the
coronary tree [20] and could explain the higher incidence of
coronary events experienced by diabetic patients.

One interesting finding in our study is related to the
relative geographic localization of plaques in diabetics as
compared to patients without diabetes.

Although in prevalence of evaluable segments, diabetics
had more plaques in every location (both proximal and dis-
tal) compared to nondiabetics, the relative geographic plaque
distribution was different in the two subgroups of patients,
since diabetics had a ratio of “proximal-to-distal relative
plaque distribution” of 0.75 (vs. 1.04 for nondiabetics),
suggesting a higher predisposition to disease involvement of
the more distal segments. This finding, on a per segment
analysis, together with the higher prevalence of a SIS >5 on
the per patient analysis reflects the more diffuse nature of
coronary atherosclerotic burden of diabetic patients.

As diabetic patients are considered to be a model of
more advanced CAD, this could suggest that as the coro-
nary atherosclerosis progresses, distal segments become
more involved by disease, although serial measurements in
time would be the ideal setting to evaluate this hypothesis.

The per segment analysis allowed also the evaluation of
the plaque composition. Diabetic patients had a signifi-
cantly higher prevalence of segments with both calcified
and noncalcified or mixed plaques, in both more proximal
or more distal locations. The proportion of calcified to
noncalcified or mixed plaques was the same for both sub-
groups of patients.

Limitations

There are a number of limitations related to this report:

1. This is a single center data with medium size cohort;
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2. The population included in our study was mainly
composed of patients with low to intermediate CAD
probability and CV risk, as this reflects daily practice
of CCTA being used as a gatekeeper to exclude
obstructive CAD and are in line with the recommen-
dations. Since coronary plaques were present in nearly
60 % of the patients, this was an opportunity to
evaluate the coronary atherosclerotic burden pattern of
DM patients at earlier stages.

3. There were some differences in the baseline charac-
teristics of the two subgroups of patients, that could
have contributed to the higher disease extent observed
in diabetic patients. Nevertheless, after adjusting for
those differences, diabetes remained an independent
predictor of both the presence and severity of CAD.

4. Since patients were referred for CCTA because of
symptoms and/or the results of stress tests, some
referral bias has to be acknowledged.

Conclusions

Diabetes was an independent predictor of CAD and was
also associated with more advanced CAD, evaluated by
indexes of coronary atherosclerotic burden.

The comprehensive information regarding the presence,
severity and type of plaque noninvasively provided by
CCTA, has made possible a detailed characterization of the
coronary disease pattern of diabetic patients at an earlier
stage of disease.

Diabetics had a significantly higher prevalence of pla-
ques in every anatomical subset (type of vessel and both
proximal or distal localizations) and for the different pla-
que composition (both calcified and noncalcified or mixed).
In this report, the relative geographic distribution of the
plaques within each subgroup, favored a more mid-to-distal
localization in the diabetic patients.

Conflict of interest None.
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Complementary effects of sirolimus-eluting stents and
glycoprotein llb/llla inhibitors for percutaneous coronary
intervention in diabetic patients: one-year follow up of a

single-centre registry

P de Araujo Goncalves, R Seabra-Gomes, R Teles, M Almeida, C Aguiar, L Raposo, J Ferreira,

F Pereira l!/\uchado

cardiac events after percutanecous coronary intervention

(PCI). As drug-cluting stents (DES) reduce restenosis
and glycoprotein (Gp) IIb/Illa inhibitors reduce the risk of
death and myocardial infarction, the use of both treatments
may be complementary and be a powerful tool for reducing
cardiac events after PCI in diabetic patients. On the other
hand, there are some concerns about the rate of stent
thrombosis with DES, and some recent reports have pointed
to diabetes as one of the risk factors.'

We therefore tested the hypothesis that Gp IIb/Illa
inhibitors may reduce the rate of major cardiac events after
PCI with sirolimus-eluting stents (SES) in patients with
diabetes mellitus.

Patients with diabetes mellitus have an increased risk of

METHODS

This was a prospective non-randomised single-centre regis-
try, including all consecutive patients with diabetes under-
going PCI with at least one SES at our institution from April
2002 to April 2003.

One-year clinical follow up was assessed in all patients.
Patients were divided into two subgroups according to the
periprocedural use of Gp IIb/ITIa inhibitors (99 patients in the
group with Gp IIb/Illa inhibitors and 104 in the group
without).

The intervention strategy was entirely dependent on the
operator and was performed according to standard guide-
lines. Patients were given a loading dose of 300 mg of
clopidogrel immediately after the procedure and were taking
aspirin and clopidogrel daily thereafter, for at least three
months.

We evaluated a clinical end point defined as the combined
incidence of the major adverse cardiac events (MACE) death,
non-fatal myocardial infarction and target vessel revascular-
isation (TVR) at the one-year follow up.

Data were statistically analysed with SPSS V.11.0 software
(SPSS Inc, Chicago, Illinois, USA) by ¥ test, Student’s
unpaired t test, log rank test and Cox proportional hazards
models as appropriate.

RESULTS
Of 1310 patients undergoing PCI at our institution from April
2002 to April 2003, 203 (15.5%) had diabetes and were
treated with at least one SES. The Gp IIb/IIIa inhibitor used
most often was abciximab (83%). Patients with acute
coronary syndromes were given ecptifibatide (13%) and
tirofiban (4%) upstream before going to the cath lab.

The two groups of patients did not differ significantly in
the baseline characteristics. However, more of the patients
treated with Gp IIb/Illa inhibitors were current smokers

Heart 2006;92:1155-1156. doi: 10.1136/hrt.2005.079780

(20.4% v 12.1%, p = 0.16) and had PCI in the setting of an
acute coronary syndrome (40.8% v 28.3%, p = 0.08), and
fewer of them had peripheral arterial disease (9.7% v 18.2%,
p = 0.12) or a previous stroke (2.9% v 10.1%, p = 0.07).

Regarding the angiographic characteristics, patients trea-
ted with Gp IIb/IIla inhibitors had a higher rate of PCI on a
total occlusion (16.3% v 4.0%, p = 0.008), a higher mean
total stent length (42.6 v 29.3 mm, p = 0.002) and more
stents = 33 mm implanted (41.3% v 24.2%, p = 0.015).
Other important differences between the two groups of
patients were the higher numbers of implanted stents (2.5 v
1.9,p = 0.021) and SES (2.1 v 1.6, p = 0.028) per patient in
the group treated with Gp IIb/IlIa inhibitors.

Complete one-year follow-up information was available for
all patients. The cumulative incidence of MACE at one year
was significantly lower in the patients treated with Gp IIb/
IITa inhibitors (8.7% v 23.2%; hazard ratio (HR) 0.34, 95%
confidence interval (CI) 0.16 to 0.74, p = 0.006). There was
a trend for a lower combined incidence of death and non-
fatal myocardial infarction (4.8% v 12.1%; HR 0.38, 95% CI
0.14 to 1.09, p = 0.072) and for a lower target lesion
revascularisation rate (1.9% v 7.1%; HR 0.26, 95% CI 0.05 to
1.23, p = 0.089) in the Gp IIb/Illa inhibitor treated group.
The rate of TVR, which includes lower target lesion
revascularisation, was significantly lower in the Gp IIb/Illa
inhibitor group (4.8% v 13.1%; HR 0.34, 95% CI 0.12 to 0.95,
p = 0.040). Two insulin-requiring patients in the group not
treated with Gp IIb/Ila inhibitors presented with subacute
stent thrombosis (2.02%), on day 6 and day 8 after the
procedure. Both patients had a loading dose of 300 mg of
clopidogrel immediately after the procedure and were taking
aspirin and clopidogrel daily thereafter. No further thrombo-
tic stent occlusion or unexplained sudden cardiac deaths
were observed in the late follow up.

Multivariable Cox proportional hazards analysis identified
Gp IIb/IIIa inhibitor use to be independently associated with
a reduced risk of MACE (adjusted HR 0.30, 95% CI 0.13 to
0.67, p = 0.003) (fig 1) and of death and myocardial
infarction (adjusted HR 034, 95% CI 0.12 to 0.99,
p = 0.048).

The incidence of death, non-fatal myocardial infarction
and TVR was consistently lower in patients treated with Gp
Abbreviations: CARDia, Coronary Arfery Revascularization in
Diabetes; DES, drug-eluting stents; Gp, glycoprotein; HR, hazard ratio;
ISAR-REACT, Intracoronary Stenting and Antithrombotic Regimen-Rapid
Early Action for Coronary Treatment; MACE, major adverse cardiac
events; PCl, percutaneous coronary intervention; RESEARCH,
Rapamycin-Eluting Stent Evaluated At Rotterdam Cardiology Hospital;
SES, sirolimus-eluting stents; TVR, target vessel revascularisation
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1Ib/IlIa inhibitors across the different subgroups analysed.
The benefit was higher in insulin-treated patients.

DISCUSSION

This was a clinical study with consecutive patients in routine
daily practice that evaluated the benefit of Gp IIb/Illa
inhibition in the context of SES in patients with diabetes
mellitus. The use of Gp IIb/IIIa inhibitors was associated with
a reduction in the combined incidence of death and
myocardial infarction and the overall combined MACE. To
the best of our knowledge, no other data have been published
on this issue.

Although DES are a powerful tool against restenosis, they
are not expected to have a significant impact on the rate of
death and myocardial infarction after PCL> Gp IIb/Illa
inhibitors, by having a favourable effect on these major
events, can therefore exert an important complementary
effect, especially in high-risk patients with diabetes. In the
RESEARCH (Rapamycin-Eluting  Stent Evaluated At
Rotterdam Cardiology Hospital) registry, there was a 16%
rate of Gp IIb/Ila inhibitor administration. Diabetes mellitus
was an independent predictor of both MACE and TVR, and
patients with diabetes were one of the subgroups in which
the benefit of SES did not reach significance.” In the ISAR-
REACT (Intracoronary Stenting and Antithrombotic
Regimen-Rapid Early Action for Coronary Treatment) study,
which found no benefit of abciximab in low- to intermediate-
risk patients undergoing elective PCI after pretreatment with
600 mg of clopidogrel, patients with diabetes under medical
treatment were excluded from enrolment.*

Insulin-treated patients with diabetes have been one of the
most difficult groups of patients to treat with DES. In our
registry, the benefit of the Gp IIb/Illa inhibitor was higher in
the insulin-treated patients and in other high-risk subgroups
such as patients with multivessel disease or acute coronary
syndromes and patients receiving 33 mm or longer stents.
Insulin-requiring patients mainly have type 2 diabetes who
became insulin dependent in a later stage of disease
progression. This is a particularly diseased subgroup of
patients, with a more extensive burden of atherothrombotic
disease. In these patients, the high incidence of death,
myocardial infarction and repeat PCI at different sites may
offset the benefit of local interventions, even with very
effective DES that, at best, reduce restenosis.

www.heartjnl.com
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Although in randomised clinical trials the reported rate of
DES thrombosis has been within the expected range, a
substantially higher incidence was recently reported in
registries of real-world patients, and diabetes was identified
as one of the independent predictors.' In our registry, the two
cases of stent thrombosis were observed in the group
undergoing PCI without a Gp IIb/Illa inhibitor, and the
patients were treated with insulin. Although this study is
underpowered to look for differences in this infrequent event,
the lack of a single case of SES thrombosis in the high-risk
group of patients with diabetes taking Gp IIb/Illa inhibitors
underscores the potential benefit of these agents in this
context.

In the CARDia (Coronary Artery Revascularization in
Diabetes) trial, up-to-date coronary artery bypass grafting is
being compared with optimal PCI, in which the use of
abciximab was recommended.” This is one of the ongoing
randomised trials designed to evaluate the best revascular-
isation strategy in patients diabetes that are expected to
consider these issues in a more definite manner.

This was a single-centre registry and not a randomised
study with a 2 x 2 factorial design, which would have been
better suited for evaluating the complementary effects of two
different interventions. The baseline characteristics of the
two groups were well matched but there were some
differences in the angiographic and procedural characteris-
tics. Nevertheless, these differences were in favour of the
group not receiving a Gp IIb/Illa inhibitor, and this could
have underestimated the benefit of these agents.

The use of Gp IIb/Illa inhibitors in the context of SES in
patients with diabetes gave superior clinical results, due to a
significant reduction in the combined incidence of death,
myocardial infarction and TVR. This benefit was greater in
insulin-treated patients with diabetes. This, and the lack of a
single case of SES thrombosis in this high-risk group of
patients who were given a Gp IIb/Illa inhibitor during
stenting, seems to warrant a randomised controlled trial to
examine this issue.
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treatments follows a frantic pace in inter-

ventional cardiology. A taste for innovation
is probably a necessary inborn trait that may
“naturally select” individuals who successfully
pursue a career in interventional cardiology. In a
healthcare environment with limited resources
the competition between new and old treatments
resembles the Darwinian “struggle for survival”.
However, the dark side of this Darwinian marker
of success is the attitude of the interventionalist
to forget too hastily the proven benefits of
established treatments when their attention is
distracted by newly emerging therapies.

The use and disuse of new drugs, devices and

DIABETES CONFERS HIGHER RISK FOR
PCI
Diabetes mellitus portends a worse prognosis in
patients with coronary artery disease who
undergo either percutaneous coronary interven-
tion (PCI) or surgical revascularisation.'* The
pathophysiology for the higher complication rate
found in diabetic patients may involve an
enhanced platelet activation state’ and prolifera-
tive response* resulting in an elevated risk of
thrombosis, embolisation and re-stenosis.?
Platelet glycoprotein (Gp) IIb/IIla inhibitors
are potent antiplatelet agents and pooled analy-
sis of earlier studies have shown they confer
sustained mortality benefit in diabetic patients
undergoing plain balloon angioplasty or percu-
taneous bare metal stent implantation (PCI).®
The recent trials of drug eluting stents (DES)
have shown a significant fall in target vessel
revascularisation rates, but they have failed thus
far to show any clear mortality benefit in diabetic
patients.” * One may argue that the character-
istics of the population treated in these initial
trials, including mainly patients with single
vessel disease and a good ejection fraction, may
have undermined the potential benefit of DES.
Restenosis may conceivably have deadly conse-
quences in patients with multivessel or left main
stem disease who have silent ischaemia and
accelerated disease progression in untreated
segments.
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BENEFITS OF GLYCOPROTEIN IIB/IIIA
INHIBITORS IN DIABETIC PATIENTS
RECEIVING DES

In this issue of Heart, Goncalves ef al’ remind us
of an obvious truth: the benefit conferred by a
new treatment does not cancel the effectiveness
of a pre-existing proven therapy if the two
treatments have completely different operative
mechanisms. In a relatively large cohort of 203
patients receiving sirolimus cluting stents, the
use of Gp IIb/ITIa inhibitors led to a reduction of
death and non-fatal myocardial infarction (MI)
(from 12.1 to 4.8 at one year) that was greater
than that observed with Gp IIb/Illa inhibitors in
the seminal trials of plain balloon angioplasty
and bare metal stents. In a real world population
with complex coronary disease (average stent
length of 42.6 mm in the treated group) it may
be hypothesised that prompt inhibition of plate-
let function reduces platelet plugging at the ostia
of multiple side branches covered by stents and
prevents distal embolisation, these being the
main causes of periprocedural damage during
stent implantation. As the use of longer stents is
a consequence of the strategy of full plaque
coverage adopted with DES, one may postulate
that the advantages of Gp IIb/Illa inhibitors are
likely to be greater now than before.

LIMITATIONS OF THE STUDY

It is more difficult to explain another striking
result from this study—the finding that at one
year the curves of the two randomisation arms
for major adverse cardiac events (MACE)-free
and death or MI-free survival continue to
separate. Although one can foresee a reduced
late mortality rate from the initial fall of non-Q
wave infarction, it would be difficult to under-
stand why the effect on MI would continue long
term. Since this is a non-randomised study, any
difference in the observed outcome can be
significantly influenced by differences in the
baseline clinical, angiographic and procedural
characteristics driven by the selection process of
candidates for Gp IIb/IIla inhibitors. Although
not reaching statistical significance, there was a
noticeable trend of greater unfavourable vari-
ables stacked against the group not receiving the
Gp IIb/IMTa inhibitors (for example, greater per-
centage of patients with previous MI, coronary
artery bypass surgery and peripheral arterial
disease).

Abbreviafions: DES, drug eluting stents; Gp,
glycoprotein; MACE, major adverse cardiac events; M,
myocardial infarction; PCI, percutaneous coronary
infervention; TLR, target lesion revascularisation
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Various mechanism(s) have been proposed to explain the
reduced target lesion revascularisation (TLR) rates observed
with Gp IIb/IlIa inhibitors in some of the aforementioned
studies. These include cross-reaction with the leucocyte
integrin Mac-1" and also blocking vitronectin (o, f5) recep-
tors on platelets and smooth muscle cells," thereby limiting
neointimal hyperplasia.'”” However, no randomised compar-
isons have confirmed these observations, and the results of
this study suggest that such effects of Gp IIb/IlIa inhibitors
persist and cause an additional positive response even in the
presence of high local concentrations of an antiproliferative
agent (sirolimus) in the stent.

Another limitation of the study by Goncalves et al” involved
the timing and dose of clopidogrel in relation to the
procedure. Recent studies have demonstrated that an
aggressive pre-PCI regimen of aspirin and 600 mg clopidogrel
leads to no significant additional benefit of Gp IIb/Illa
inhibitor on risk of death or MI in diabetic patients receiving
mainly bare metal stents.” ' This issue becomes all the more
pertinent when it was subsequently disclosed that the two
insulin-requiring diabetics who suffered thrombotic compli-
cations had an insufficient loading regimen of 300 mg
clopidogrel apparently given immediately after the procedure.

FUTURE DIRECTIONS
Clopidogrel with a high loading dose of 600 mg is now being
tested by the Munich group in a new randomised trial of
unstable patients, but this drug, unlike Gp IIb/IIIa inhibitors,
induces no more than 80% inhibition of platelet aggregation
with a slow onset of action and a large variability in response.
As developments in peri-PCI adjuvant drug treatment evolve,
newer safer agents may threaten to supersede the use of
Gp IIb/II1a inhibitors. Another drug which may reduce the
need for Gp IIb/IlTa inhibitors is the direct anti-thrombin
bivalirudin which, unlike heparin, does not induce platelet
activation. In a recent study with stable or mildly unstable
patients undergoing PCI, bivalirudin was as effective as
heparin and Gp IIb/Illa inhibitors with lower bleeding,
vascular complication rates and shorter intensive therapy
unit stay.” Bivalirudin is now under evaluation in a trial of
highly unstable patients with a complex randomisation
scheme.'®

While awaiting the results of such trials, this study
reminds us all that the diabetic patient requires a full
armamentarium of proven and developing treatments in
order to minimise periprocedural risk as well as improve long
term outcome.
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Capitulo 8.

Desenvolvimento do CT-LeSc

RESUMO:

Neste capitulo é descrito o CT-LeSc, uma ferramenta para quantificagdo da carga aterosclerética coronaria, cujo
desenvolvimento foi um dos objectivos centrais desta tese. O CT-LeSc engloba informagdo acerca da localizag¢do, grau de
estenose e tipo de placa, traduzindo assim a carga aterosclerdtica coronaria global (obstrutiva e nio obstrutiva) obtida
de modo néo invasivo pela angio TC cardiaca.

0 artigo 18 incluido neste capitulo descreve a sua metodologia e os seus preditores clinicos.

ABSTRACT:

The development of the CT-LeSc, as a tool to quantify coronary atherosclerotic burden, was one of the main objectives of
the Thesis, and is described in this chapter. The CT-LeSc reflects the comprehensive information about localization,
degree of stenosis and type of plaque, reflecting total (obstructive and nonobstructive) coronary atherosclerotic burden,
noninvasively provided by cardiac CT.

The methodology is described in manuscript 18, as well as the analysis on its clinical predictors.

ARTIGO 18/ MANUSCRIPT 18:

CORONARY COMPUTED TOMOGRAPHY ANGIOGRAPHY-ADAPTED LEAMAN SCORE AS A TOOL TO NONINVASIVELY
QUANTIFY TOTAL CORONARY ATHEROSCLEROTIC BURDEN.

Araujo Gongalves P, Garcia-Garcia HM, Dores H, Carvalho MS, Jeronimo Sousa P, Marques H, Ferreira A, Cardim N, Teles R,
Raposo L, Mesquita-Gabriel H, Almeida M, Aleixo A, Mota Carmo M, Pereira Machado F, Mendes M.

Int ] Cardiovasc Imaging 2013; [Epub ahead of print] DOI1:10.1007/s10554-013-0232-8
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8.1 - INTRODUCAO

O desenvolvimento e implementa¢do da coronariografia por cateterismo cardiaco veio permitir
documentar a presenca e extensdo da DC, tendo sido desenvolvidos desde cedo varios scores
angiograficos para quantificacio da carga aterosclerdtica corondria. Estes scores, usaram
diferentes combinacdes e ponderagdes acerca da localizacdo e do grau de estenose, tendo sido
possivel demonstrar que a carga aterosclerdtica coronaria tinha um forte valor prognéstico (1-4).
Um dos scores angiograficos mais recentemente desenvolvidos foi o score de Syntax, reunindo
informac¢do detalhada acerca da localizagdo, grau de estenose, presenca e tipo de bifurcacdo,
presenca e tipo de oclusdo, tortuosidade, calcificacdo, presenca de trombo e comprimento das
lesdes (5). Este score foi desenvolvido para permitir quantificar a extensao e a gravidade da DC
num estudo que comparou a revascularizagdo percutdnea com stents “drug-eluting” com a
revascularizagdo cirurgica. Grande parte das variaveis incluidas neste score estio relacionadas
com a complexidade da DC e a dificuldade imposta ao tratamento por angioplastia, que foi menos
eficaz nos doentes com scores de Syntax mais elevados (6, 7). No entanto, foi interessante
verificar que este score, apesar de ter apenas varidveis angiograficas na sua composicao, leva
consigo importante informagdo prognéstica, o que demonstra o importante valor da carga

ateroscleroética corondria global para prever a ocorréncia de eventos coronarios adversos (8, 9) .

Mais recentemente, com o desenvolvimento tecnolégico que permitiu o uso de técnicas de
imagem intracoronaria, foi possivel quantificar a carga aterosclerética coronaria de um modo
mais preciso, tirando proveito da sua elevada resolucdo espacial (10-12). No entanto, estas
técnicas tem a sua aplicacdo inerentemente limitada pelo facto de serem invasivas e assim sé
empregues em populacdes seleccionadas referenciadas para coronariografia invasiva. Esta
populagdo geralmente ja estd em prevencdo secunddaria e assim sob o efeito de multiplos

farmacos que provaram alterar a historia natural da DC e diminuir a taxa de eventos CV (13-16).

Nos tultimos anos, assistimos a uma crescente adopg¢io da angioTC cardiaca na pratica clinica,
resultante essencialmente do seu elevado valor preditor negativo, o que a torna uma técnica ideal
para exclusdo de DC e assim um bom gatekeeper para a coronariografia invasiva (17) (ver
Capitulo 3).

A angio TC permite também a identificacdo de lesdes corondrias ndo obstrutivas e assim podera
ser uma ferramenta util na quantificacdo da carga ateroscleroética corondria global. No entanto,
dada a elevada prevaléncia de placas na arvore corondria (18-21), torna-se necessario
desenvolver ferramentas que permitam quantificar a carga aterosclerética e assim o risco de
eventos corondrios. A angio TC cardiaca permite avaliar ndo s6 a presen¢a, mas também a
localizacdo das lesdes, o grau de estenose e o tipo de placa, fornecendo assim uma avaliacdo

detalhada da carga aterosclerdtica coronaria global.
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Alguns scores foram ja desenvolvidos, reflectindo algumas destas caracteristicas e

demonstraram ter valor progndstico (22-24).

8.2 - DESENVOLVIMENTO DE UM SCORE DE CARGA ATEROSCLEROTICA QUANTIFICADA
POR ANGIO TC CARDIACA - CT-LeSc

O CT-LeSc foi desenvolvido com o objectivo de permitir quantificar a carga aterosclerética
coronaria, englobando trés aspectos avalidveis por angio TC, nomeadamente acerca da
localizagdo das lesdes na arvore coronaria, do grau de estenose e do tipo de placa aterosclerética.
Neste score foi feita a adaptagdo do score angiografico de Leaman, desenvolvido para quantificar
a gravidade da DC obstrutiva, de acordo com a sua localizagdo documentada na coronariografia

invasiva (1).

No CT-LeSc foi feita a ponderagdo para 3 variaveis identificadas na angio TC (tabela 1):

1. Localizacdo das lesdes: Foram atribuidos pesos diferentes as lesdes de acordo com a sua
localizagdo mais proximal na arvore corondaria, reflectindo a massa de miocardio em risco
dependente dessa lesdo. Na adaptagdo do score de Leaman angiografico original, fizemos uma
modificacdo na ponderacao por segmento compativel com anatomia balanceada, usando valores
intermédios entre e dominancia direita e esquerda, de acordo com metodologia ja empregue em
numa tese de doutoramento prévia realizada na nossa instituicdo (25). Esta adaptacdo teve
implicagdes nos valores atribuidos aos segmentos da CD (proximal, médio, distal) a descendente

posterior, ao TC e a CX (segmentos proximal e distal),

1. Tipo de placa: No CT-LeSc foi introduzida uma ponderagdo para o tipo de placa, explorando a
acuidade diagnostica da angio TC na identificacdo e classificagdo dos diferentes tipo de placas
(26). Para efeito do CT-LeSc as placas ndo calcificadas e mistas foram agrupadas na mesma
categoria, a qual foi atribuido o valor ponderal de 1,5. O valor ponderal atribuido as placas
calcificadas foi deliberadamente inferior (1,0), tentando reflectir o maior potencial de

instabilizacdo das placas mistas e nao calcificadas (12, 23, 27, 28).

3. Grau de estenose: Foi ainda feita uma ultima ponderag¢do para o grau de estenose, sendo que
na presenca de uma lesao obstrutiva (estenose 250%) o valor era multiplicado por 1; no caso das
lesdes ndo obstrutiva, o score dessa placa era multiplicado por 0,615. Este factor foi obtido a
partir da propor¢do dos hazard ratios para mortalidade associados a DC obstrutiva e nao
obstrutiva (2,6 e 1,6 respectivamente) obtidos no largo registo CONFIRM (24). Assim, tentou-se

que esta proporg¢ao reflectisse o0 menor risco por placa das lesdes ndo obstrutiva vs obstrutivas,
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mas mantendo uma contribuicdo destas para o score global, explorando assim a mais valia do

angio TC em identificar lesées mesmo na auséncia de estenoses significativas.

Por fim, o valor do CT-LeSc para cada doente é obtido pelo somatério dos valores parciais de

cada lesdo identificada na 4rvore coronéria.
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TABELA 1: CT-LeSc: Factores de ponderacdo para localiza¢ao, grau de estenose e tipo de

placa
Segmento Dominancia Dominancia Dominancia
direita esquerda balanceada
CD proximal 1 0 0.5
CD média 1 0 0.5
CD distal 1 0 0.5
Descendente Posterior 1 na 0.5
Tronco comum 5 6 5.5
DA proximal 3.5 3.5 3.5
DA media 2.5 2.5 2.5
DA distal 1 1 1
1* Diagonal 1 1 1
2° Diagonal 0.5 0.5 0.5
Cx proximal 1.5 2.5 2.0
1* Obtusa marginal 1 1 1
Cx distal 0.5 1.5 1
2° Obtusa marginal 1 1 1
DP esquerda na 1 na
Postero-lateral esquerda na 0.5 0.5
Postero-lateral direita 0.5 na na
Ramo intermediario 1 1 1

DC obstrutiva (=50%) 1
DC nao obstrutiva 0.615

Nio calcificada ou mista 1.5

Calcificada 1
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8.3 - RESULTADOS DO CT-LeSc NA POPULAGAO DA TESE

Na populacao total estudada (n=581), a mediana do CT-LeSc foi de 2.2 (IQR 0-6.8). Na populagao
com DC (n=341), a mediana do CT-LeSc foi de 5.8 (IQR 3.2-9.6), sendo de 4.6 (IQR 2.9-7.7) na DC
nao obstrutiva (n=263) e 11.7 (IQR 8.7-14.4) nos doentes com DC obstrutiva (n=78).

A populagao com DC foi dividida em tercis de acordo com o valor do CT-LeSc e o valor do 32 tercil
foi considerado o limiar discriminativo para identificar um subgrupo de elevada carga
aterosclerotica.

Os tercis do CT-LeSc foram: T1 <3.7 (0.3-3.7); T2 (3.8-8.3); T3 = 8.3(8.3-24.1).

O CT-LeSc foi significativamente mais elevado nos homens, nos doentes com diabetes, com HTA

bem como nos doentes considerados como de elevado risco CV (HeartScore 25%) (figura 1).

Na analise univariada, um CT-LeSc elevado associou-se a uma idade mais avangada (=60 anos),
a presenca de diabetes e de HTA. O sexo masculino e a dislipidémia também foram
percentualmente mais frequentes nos doentes com elevado CT-LeSc, embora esta diferen¢a nao
tenha atingido significado estatistico. Os doentes com elevado CT-LeSc eram com maior
frequéncia doentes com probabilidade de pré-teste mais elevada (com um Diamond-Forrester-
CAD consortium 230% e um score de Morise= 16) e com maior risco cardiovascular (reflectida
na maior percentagem de doentes com um HeartScore>5%). Alguns dos tradicionais factores de
risco CV como a obesidade e o tabagismo, ndo tiveram uma distribui¢do preferencial pelo grupo

de elevado CT-LeSc, o que foi igualmente verificado com a presenca de dor toracica (tabela 2).

Na andlise multivariada, os preditores independentes de um CT-LeSc elevado (= 8.3) foram:
sexo masculino, diabetes, HTA, score Morise 216 e HeartScore= 5 (figura 2). No que diz respeito
aos factores de risco modificaveis, a diabetes associou-se a um risco 3x superior e a HTA a um
risco 2,5x superior de um elevado CT-LeSc. Um HeartScore 25% (elevado risco CV) e um score de
Morise 216 (elevada probabilidade de DAC) associaram-se a um risco 2,5x e 2x superior de ter

uma elevada carga aterosclerética, avaliada pelo CT-LeSc (tabela 3).
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FIGURA 1: Mediana do CT-LeSc em diferentes subgrupos de doentes.
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TABELA 2: Preditores de um CT-LeSc elevado (2 T3) - Analise univariada.

CT LeSc T1+2 CT LeSc2T3 p
(<8.3) (28.3)
Idade=60 anos 126 (56.0) 79 (68.1) 0.031
Sexo masculino 138 (61.3) 81 (69.8) 0.121
IMC 230 kg/m2 41 (18.3) 25 (22.1) 0.404
Diabetes 26 (11.6) 36 (31.0) <0.001
Hipertenséo arterial 144 (64.0) 98 (84.5) <0.001
Dislipidémia 146 (64.9) 87 (75.0) 0.057
Tabagismo 53 (23.6) 31 (26.7) 0.520
Historia familiar de DC prematura 77 (34.2) 37 (31.9) 0.666
Dor toracica 106 (47.3) 59 (51.3) 0.487
DF-CAD consortium 230% 66 (29.3) 64 (55.2) <0.001
Score de Morise = 16 105 (46.7) 78 (67.2) <0.001
HeartScore =5 29 (12.9) 24 (20.7) 0.060

Valores apresentados em média £ desvio padréo
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TABELA 3: Preditores independentes de um CT-LeSc elevado (2 T3) - Analise multivariada.

VARIAVEIS DEMOGRAFICAS E CLINICAS

OR (IC 95%) p
Idade=60 anos 1.370 0.819-2.291 0.230
Sexo masculino 1.732 1.035-2.901 0.037
Diabetes 2.905 1.612-5.234 <0.001
Hipertensao arterial 2.543 1.395-4.634 0.002
Dislipidémia 1.563 0.919-2.660 0.099

SCORES CLINICOS

OR (IC 95%) p
HeartScore25 2.416 1.411-4.135 0.001
DF-CAD consortium 230% 1.590 0.918-2.754 0.098
Morise 216 1.971 1.060-3.666 0.032
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FIGURA 2: Preditores independentes de um elevado CT-LeSc (>8,3).
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Abstract To describe a coronary computed tomography
angiography (CCTA)-adapted Leaman score (CT-LeSc) as
a tool to quantify total coronary atherosclerotic burden with
information regarding localization, type of plaque and
degree of stenosis and to identify clinical predictors of a
high coronary atherosclerotic burden as assessed by the
CT-LeSc. Single center prospective registry including a
total of 772 consecutive patients undergoing CCTA (Dual-
source CT) from April 2011 to March 2012. For the pur-
pose of this study, 581 stable patients referred for suspected
coronary artery disease (CAD) without previous myocar-
dial infarction or revascularization procedures were inclu-
ded. Pre-test CAD probability was determined using both
the Diamond—Forrester extended CAD consortium method
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(DF-CAD consortium model) and the Morise score. Car-
diovascular risk was assessed with the HeartScore. The cut-
off for the 3rd tercile (CT-LeSc >8.3) was used to define a
population with a high coronary atherosclerotic burden.
The median CT-LeSc in this population (n = 581, 8,136
coronary segments evaluated; mean age 57.6 £ 11.1;
55.8 % males; 14.6 % with diabetes) was 2.2 (IQR 0-6.8).
In patients with CAD (n = 341), the median CT-LeSc was
5.8 (IQR 3.2-9.6). Among patients with nonobstructive
CAD, most were classified in the lowest terciles (T1,
43.0 %; T2, 36.1 %), but 20.9 % were in the highest tercile
(T3). The majority of the patients with obstructive CAD
were classified in T3 (78.2 %), but 21.8 % had a CT-LeSc
in lower terciles (T1 or T2). The independent predictors of
a high CT-LeSc were: Male sex (OR 1.73; 95 % CI
1.04-2.90) diabetes (OR 291; 95 % CI 1.61-5.23),
hypertension (OR 2.54; 95 % CI 1.40-4.63), Morise score
>16 (OR 1.97; 95 % CI 1.06-3.67) and HeartScore >5
(OR 2.42; 95 % CI 1.41-4.14). We described a cardiac CT
adapted Leaman score as a tool to quantify total (obstruc-
tive and nonobstructive) coronary atherosclerotic burden,
reflecting the comprehensive information about localiza-
tion, degree of stenosis and type of plaque provided by
CCTA. Male sex, hypertension, diabetes, a HeartScore
>5 % and a Morise score >16 were associated with a high
coronary atherosclerotic burden, as assessed by the CT-
LeSc. About one fifth of the patients with nonobstructive
CAD had a CT-LeSc in the highest tercile, and this could
potentially lead to a reclassification of the risk profile of
this subset of patients identified by CCTA, once the
prognostic value of the CT-LeSc is validated.

Keywords CCTA - Coronary artery disease -
Atherosclerotic burden - Risk scores
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Introduction

Coronary atherosclerosis is the leading cause of mortality
and it is expected to remain the most important disease in
the upcoming years [1]. Frequently, the first manifestation
of coronary disease is an acute coronary syndrome (ACS),
and many patients were previously asymptomatic [2]. An
early detection of coronary disease is of utmost relevance
and a non-invasive diagnostic test is desirable.

In the recent years, coronary computed tomography
angiography (CCTA) has become widely available and
adopted. The main reason for this is the high predictive
accuracy of detection of obstructive coronary artery disease
(CAD) compared to conventional invasive coronary angi-
ography [3, 4]. In addition, CCTA allows also the identi-
fication of nonobstructive CAD and in this way it can
provide a noninvasive quantification of the total coronary
atherosclerotic burden. Since the percentage of patients
with nonobstructive CAD is very high, there is a need for
tools to stratify cardiovascular risk by the degree of plaque
burden [5]. The information regarding the localization,
severity and composition of coronary plaques identified
with CCTA can be collected in scores to reflect the total
coronary plaque burden, and some have been already
developed and validated [6].

Conventional cardiovascular (CV) risk factors relate to
the risk of subsequent CV events and they can be combined
in tools as it has been done in the Heart Score [7]. Not-
withstanding these observations, accurate prediction of
major coronary events on the individual patient level, as
opposed to population based studies, remains challenging.

Therefore the aim of this study is two folded: (1) To
describe a CCTA-adapted Leaman score (CT-LeSc) as a
tool to quantify total coronary atherosclerotic burden
including information regarding localization, type of pla-
que and degree of stenosis and; (2) To identify clinical
predictors of a high coronary atherosclerotic burden as
assessed by CT-LeSc in a population of stable patients
referred for CCTA for suspected CAD.

Methods
Population

Single center prospective registry including a total of 772
consecutive patients undergoing CCTA (with Dual source
CT) from April 2011 to March 2012. Patients were excluded
if: (1) previous myocardial infarction and/or revasculariza-
tion procedures (n = 70); (2) referred for Cardiac CT for
other indications than the evaluation of possible CAD (car-
diac CT for atrial fibrillation ablation or transcatheter aortic
valvular implantation procedures; n = 88); (3) referred for

@ Springer

suspected ACS (n = 24); (4) with atrial fibrillation or other
significant arrhythmias during scan acquisition that com-
promised image quality (n = 9). This resulted in a24.7 % of
the total population being excluded.

For the purpose of this study, 581 stable patients refer-
red for suspected CAD were included in the context of: (1)
Previous equivocal or inconclusive stress tests or discor-
dant with the clinical evaluation (n = 417; 71.8 %); (2)
Cardiac CT as Ist line investigation of possible CAD
(n = 136; 23.4 %); (3) Preoperative CAD assessment prior
to noncoronary valvular or aortic surgery (n = 17; 2.9 %);
(4) Evaluation of possible CAD in cardiomyopathies
(DCM or HCM; n = 11; 1.9 %; Fig. 1: Patient selection
and study design).

The study was approved by the local ethics committee
and all patients gave a written informed consent.

A detailed medical history with a risk factors question-
naire was obtained from the patients to assess for the pres-
ence of: (1) Diabetes mellitus (defined as a fasting glucose
level of >7 mmol/l or the need for insulin or oral hypogly-
cemic agents) [8]; (2) Dyslipidemia (defined as a total cho-
lesterol level >5 mmol/l or treatment with lipid-lowering
drugs) [9]; (3) Hypertension (defined as blood pressure
>140/90 mm Hg or the use of antihypertensive medication)
[10]; (4) Obesity (body mass index >30 kg/mz); (5) positive
family history of premature CAD (defined as the presence of
CAD in first-degree relatives younger than 55 [male] or 65
[female] years of age) [11]; (6) smoking (defined as previous
[less <1 year] or current smoker.

Pre-test probability of CAD was determined using both
the Diamond and Forrester extended CAD consortium
method (DF-CAD consortium model) [12] and the Morise
score [13]. The cardiovascular risk was assessed with the
HeartScore [7]. As the CAD probability and CV risk of our
population was shifted to lower probability and risk, the
cut-offs used were: (1) for DF-CAD consortium model
categories >30-70 and >70 % were gathered in a Inter-
mediate to High (=30 %) probability group.

For the Morise, the population was divided in terciles,
and for the HeartScore the established high risk cut-off of
>5 % was used.

Scan protocol and image reconstruction

All scans were performed with a dual-source scanner
(Somatom Definition, Siemens Medical, Germany), with
the patient in dorsal decubitus and in deep inspiration
breath-hold. Sublingual nitroglycerin was administered to
all patients except when contraindicated and intravenous
metoprolol (5 mg, with a titration dose up to 20 mg) was
administered in patients with heart rate >65 beats/min.
During the scan acquisition, a bolus of iodinated con-
trast (Visipaque, GE Healthcare, USA) was injected at a
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Fig. 1 Patient selection and
study design. CAD coronary
artery disease, TAVI
transcatheter aortic valve
implantation, aFib atrial

All consecutive patients referred for Cardiac CT

April 2011-March 2012
(n=772)

fibrillation, MI myocardial
infarction, CABG coronary
artery bypass grafting, PCI
percutaneous coronary
intervention, ACS acute
coronary syndromes

Excluded (n=182, 24.7%)

1)Cardiac CT for other than evaluation of possible CAD
(Ex: TAVI, aFib ablation) (n=88; 11.4%)

2)Previous M, CABG, PCI (n=70, 9.1%)

3)Emergency department (possible ACS) (n=24; 3.1%)

Included (n=590, 76.4%)
Stable patients referred for the evaluation of possible CAD

Excluded (n= 9, 1.6%)
Atrial fibrillation or other significant archythmias
compromising image quality (n=9; 1.2%)

Normal/No plaque
(n=240, 41.3%)

Obstructive CAD
(n=78, 13.4%)

Nonobstructive CAD
(n=263, 45.3%)

6 ml/s infusion rate, followed by a 50-ml saline flush. The
dose of contrast was calculated according to the following
formula: (acquisition time +6 s delay) x flow (6 ml/s).
Contrast timing was performed to optimize uniform con-
trast enhancement of the coronary arteries.

Dose reduction strategies—including electrocardiogram-
gated tube current modulation, reduced tube voltage,
and prospective axial triggering—were used whenever fea-
sible. Mean estimated radiation dose was 4.6 £ 3.7 mSv,
contrast dose was 98.9 £ 14.4 ml and heart rate was
65.6 &+ 10.6 bpm.

Transaxial images were reconstructed with a temporal
resolution of 83 ms and slice thickness of 0.75 mm with
0.4 mm increments.

Post-processing was carried out using Circulation®
software, with multiplanar reconstructions, maximum
intensity projection and volume rendering technique.

Coronary artery analysis

All scans were analyzed in the same session by both a car-
diologist and a radiologist with Level III-equivalent expe-
rience. The Society of Cardiovascular Computed
Tomography recommended classification was used regard-
ing segmentation (16 segments), stenosis severity (<25,

25-49, 50-69, 70-99, 100 %) and plaque composition
(calcified, non calcified, mixed plaque) [14].

In each coronary artery segment, coronary atherosclerosis
was defined as a tissue structure >1 mm? that existed either
within the coronary artery lumen or adjacent to the coronary
artery lumen that could be discriminated from surrounding
pericardial tissue, epicardial fat, or the vessel lumen itself
[6]. Coronary atherosclerotic lesions were quantified for
stenosis by visual estimation. Percent obstruction of coro-
nary artery lumen was based on a comparison of the luminal
diameter of the segment exhibiting obstruction to the luminal
diameter of the most normal-appearing site immediately
proximal to the plaque.

CCTA adapted Leaman score (CT-LeSc)

For the CT adaptation of the LeSc, we used three sets of
weighting factors, all noninvasively provided by CCTA:
(1) localization of the coronary plaques as originally
described [15]. In this study, a modification was made to
account for balanced dominance. In cases of balanced
dominance, not taken in account in the original Leaman or
in the Syntax scores, we assumed an intermediate value
between right and left dominance which changed the val-
ues for the posterior descending and the proximal, mid and

@ Springer
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distal RCA segments as well as for the left main and
proximal and distal segments of the circumflex; (2) type of
plaque (i.e. noncalcified, calcified or mixed plaques). To
take in account the cardiac CT added information related to
plaque composition, an additional weighting factor of 1.5
was added to predominantly noncalcified of mixed plaques
and a factor of 1 to predominantly calcified plaques,
reflecting the assumption of less plaque vulnerability of the
later ones [16, 17]; (3) degree of stenosis (<50 >% ste-
nosis). In the presence of obstructive CAD (=50 % ste-
nosis), the score in each segment was multiplied by 1 and
for nonobstructive CAD it was multiplied by a factor of
0.615. This factor reflects the relative proportion in the
published hazard ratios for mortality in the large CON-
FIRM registry [5] for obstructive versus nonobstructive
CAD (2.6 vs 1.6 respectively) and it was assumed to reflect
the relative prognostic impact of nonobstructive CAD
(Table 1).

Table 1 CT-adapted Leaman Score (CT-LeSc) weighting factors

Segment Right Left Balanced
dominance dominance
Coronary segments
RCA proximal 1 0 0.5
RCA mid 1 0 0.5
RCA distal 1 0 0.5
PDA 1 na 0.5
Left main 5 6 55
LAD proximal 35 35 35
LAD mid 2.5 25 25
LAD distal 1 1 1
Ist diagonal 1 1 1
2nd diagonal 0.5 0.5 0.5
LCx proximal 15 25 2.0
1st obtuse marginal 1 1 1
LCx distal 0.5 15 1
2nd obtuse marginal 1 1 1
PDA from LCA na 1 na
PL branch from na 0.5 0.5
LCA
PL branch 0.5 na na
from RCA
Intermediate branch 1 1 1

Stenosis severity
Obstructive CAD 1

Nonobstructive CAD 0.615
Plaque composition

Non-calcified or mixed 1.5

Calcified 1

RCA right coronary artery, PDA posterior descending artery, LAD left
anterior descending, LCx left circumflex, PL postero-lateral, CAD
coronary artery disease

@ Springer

The CT-LeSc on a patient level was calculated as the
sum of the partial CT-LeSc of all evaluable coronary
segments. Two cases examples are shown in Fig. 2.

Statistical analysis

Continuous variables are presented as mean £ SD or
medians (interquartile range) and categorical variables as
frequencies with percentages.

The non-parametric Mann—Whitney or Kruskal-Wallis
tests were used to compare continuous variables, and the Chi
square test to evaluate differences in frequencies. Differ-
ences were regarded significant when p < 0.05 (two-tailed).

Since there are no previous validated cut-offs for the
presently described CCTA score, the population with CAD
was divided in terciles. A high CT-LeSc was defined with
the cut-off for the 3rd tercile (a score >8.3, n = 116;
34.8 % of the CAD population) and patients in this group
were compared with the remaining population.

Multivariate analyses (binary logistic regression model—
enter method) were performed to identify independent pre-
dictors of a high CT-LeSc using the demographic and clin-
ical variables presented in Table 2 that had a p value <0.2 at
univariate analyses. A second multivariable analyses was
performed to identify independent predictors among the
clinical scores of CAD probability (Diamond—Forrester
CAD consortium model and Morise score) and the CV risk
score HeartScore.

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was
used for all statistical analyses.

Results

In the final study population of 581 patients, 8,136 coronary
segments were evaluated. Segments <2 mm (n = 742;
9.1 %) or with suboptimal image quality related to artefacts
or severe calcification (n = 120; 1.5 %) were excluded.
Most of patients were male (55.8 %) and mean age was
57.6 £ 11.1, and 14.6 % were diabetics. This was predom-
inantly a population with low to intermediate CAD proba-
bility since 60.1 % had a DF-CAD consortium <30 and
87.6 % had a Morise score <16. A high cardiovascular risk,
as assessed by an HeartScore >5 %, was presentin 25.5 % of
the patients. In this population, the median calcium score was
1 (IQR 0-93), 23.4 % had a calcium score (CaSc) >100 and
14.3 % had a CaSc >75th percentile. In the population with
CAD, the median CaSc was 64 (IQR 8-200; Table 2).

CT-LeSc

Overall (n = 581), the median CT-LeSc in this population
was 2.2 (IQR 0-6.8). In patients with CAD (n = 341), the
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A Nonobstructive CAD
Si 1

Fig. 2 Three cases examples of patients with nonobstructive CAD
stratified by different coronary atherosclerotic burden scores. In panel
A, a patient with a single lesion in the mid-RCA (weighting for
localization x type of plaque x stenosis severity = 1 x 1.5 x
0.615 = 0.92); In panel B, a patient with a single proximal LAD
lesion (CT-LeSc = 3.5 x 1 x 0.615 = 2.15). In panel C, a patient
with left dominance and 5 nonobstructive lesions with a total

median CT-LeSc was 5.8 (IQR 3.2-9.6). Within this pop-
ulation the median CT-LeSc in patients with non-obstruc-
tive disease (n = 263) was 4.6 (IQR 2.9-7.7) and in
patients with obstructive disease (n = 78) it was 11.7 IQR
8.7-14.4). The terciles in population with CAD were: T/
<3.7(0.3-3.7); T2 (3.8-8.3); T3 >8.3 (8.3-24.1).

Regarding the distribution of patients with nonobstruc-
tive versus obstructive CAD across the CT-LeSc terciles,
most of the patients with nonobstructive CAD were in T1
(n = 113, 43.0 %) or T2 (n = 95, 36.1 %), but about one
fifth (n = 55, 20.9 %) were in the highest tercile (T3, CT-
LeSc >8.3). On the other hand, although most of the patients
with obstructive CAD were classified in T3, 21.8 % had a
CT-LeSc in lower terciles (T1, 2.6 %; T2, 19.2 %; Fig. 3).

The median CT-LeSc was significantly higher in males
and in the presence of diabetes and hypertension, as well as
in patients with a high cardiovascular risk assessed by an
HeartScore >5 %. The median CT-LeSc was also signifi-
cantly higher in patients with a CaSc >100 and CaSc
>75th percentile (Fig. 4: Median CT-LeSc in different
patient subgroups).

B Nonobstructive CAD
SI 1

C Nonobstructive CAD
SIS=5

CT-LeSc = LM (6 x 1.5 x 0.615) 4+ prox. LAD (3.5 x 1.5 x
0.615) 4+ mid-LAD (2.5 x 1 x 0.615) + Ist Diag. (1 x 1 x 0.615) +
Ist OM (1 x 1 x 0.615) = 11.5. CAD coronary artery disease,
CT-LeSc CT Leaman score, SIS segment involvement score, SSS
segment stenosis score, LM left main, LAD left anterior descending,
LCx left circunflex, RCA right coronary artery, /st Diag. first diagonal
branch, /st OM first obtuse marginal branch

Univariate predictors

In the univariate analysis, a high CT-LeSc was associated
with older age (=60 years), diabetes and hypertension. The
percentage of male patients and patients with dyslipidemia
was also higher in the high CT-LeSc group, but not sta-
tistically significant. Patients in the high CT group had also
a higher pre-test CAD probability (DF-CAD consortium
>30 % and Morise score >16) as well as higher CV risk,
reflected in the significantly higher percentage of patients
with a HeartScore >5 %. Of note, some traditional risk
factor as obesity, smoking status and family history of
premature CAD were not differently distributed in the two
groups, and this was also the case for chest pain (Table 3).

Multivariate predictors
By multivariate analysis, the independent predictors of a
high CT-LeSc were: male sex; diabetes, hypertension,

Morise score >16 and HeartScore >5 (Table 4; Fig. 5). Of
note, regarding the modifiable risk factors, patients with
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Table 2 Demographic, clinical and CCTA characteristics of the
study population

All patients (n = 581)

Demographic
Age 576 £11.1
Male sex 324 (55.8)
Risk factors
Obesity (BMI >30) 109 (18.8)
Diabetes 85 (14.6)
Hypertension 364 (62.7)
Dyslipidemia 360 (62.0)
Smoking 138 (23.8)
Family history of premature CAD 194 (33.4)
Chest pain
Asymptomatic 270 (46.5)
Noncardiac 169 (29.1)
Atypical 109 (18.8)
Typical 33 (5.7)
CAD probability
DF-CAD consortium >70 % 11 (1.9)
DF-CAD consortium 30-70 % 221 (38.0)
DF-CAD consortium <30 % 349 (60.1)
Morise score >16 72 (12.4)
Morise score 9-15 369 (63.5)
Morise score 0-8 140 (24.1)
CV risk
Heart score >5 % 148 (25.5)
Calcium score
Median 1(0-93)
Median in patients with CAD 64 (8-200)
CaSc >100 136 (23.4)
CaSc >75th percentile 83 (14.3)
CCTA
Normal/no plaque 240 (41.3)
Nonobstructive CAD 263 (45.3)
Obstructive CAD 78 (13.4)
Technical data
Heart rate (bpm) 65.6 £+ 10.6
Contrast dose (ml) 98.9 + 144
Radiation dose (mSv) 4.6 + 3.7

Values are mean + SD, median (IQR) or n (%)

CAD coronary artery disease, BMI body mass index, DF-CAD con-
sortium Diamond-Forrester CAD consortium model, CV cardiovas-
cular, CCTA coronary computed tomography angiography, CaSc
calcium score, bpm beats per minute, mSv milisievert

diabetes had a threefold and patients with hypertension a
2.5-fold higher probability of having a high CT-LeSc.

A high HeartScore (>5 %) and a high Morise score
(>16) were associated respectively with a 2.5 and twofold
higher probability of having a high coronary atheroscle-
rotic burden, as assessed by the CT-LeSc.

@ Springer
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Nonobstructive CAD Obstructive CAD

Fig. 3 Distribution of the two subgroups of patients (nonobstructive
and obstructive CAD), according to CT-LeSc terciles (T1 + T2 vs
T3). CAD coronary artery disease, 71 Ist tercile, 72 2nd tercile, 73
3rd tercile

Discussion

The main findings of this study are: (1) Calculation of a
cardiac CT adapted Leaman score as a tool to quantify total
(obstructive and nonobstructive) coronary atherosclerotic
burden, reflecting the comprehensive information about
localization, degree of stenosis and type of plaque provided
by CCTA is feasible; (2) There was a significant associa-
tion between the CT-LeSc and diabetes, a well recognized
subset of advanced coronary atherosclerotic burden. A high
CV risk (HeartScore) and a high CAD probability (Morise
score) were also both associated with nearly a 2-2.5 fold
higher probability of having a high coronary atheroscle-
rotic burden, as assessed by the CT-LeSc.

Although the exclusion of obstructive CAD remains
presently the main indication to refer a patient for CCTA,
this noninvasive diagnostic tool can also provide infor-
mation regarding the presence of nonobstructive plaques,
detecting CAD at earlier disease stages. Although on a per
lesion basis, vulnerability is positively associated with the
degree of stenosis, on a per patient level most of the acute
events come from nonobstructive lesions [18-20]. It is also
recognized that many of the nonstenotic lesions can have a
high plaque burden, underestimated by luminal angio-
grams, since they undergo expansive or positive outward
enlargement, and such remodeling is a potential surrogate
marker of plaque vulnerability [21]. In the multicenter
virtual histology intravascular ultrasound (VH-IVUS)
PROSPECT study [22], a large plaque burden, a small
lumen area and the presence of a thin cap fibroatheroma
were independent predictors of future nonculprit lesion
major adverse cardiac events (MACE). In this study,
lesions that led to MACE had a high plaque burden by
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Fig. 4 Median CT-LeSc in different patient subgroups. DM diabetes mellitus, HTA hypertension, CA score calcium score, CT-LeSc CT Leaman
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Table 3 Univariate analysis

CT LeSc CT P

TI +2 LeSc >

(<8.3) T3 (=8.3)
Age =60 126 (56.0) 79 (68.1) 0.031
Male sex 138 (61.3) 81 (69.8) 0.121
BMI >30 41 (18.3) 25 (22.1) 0.404
Diabetes 26 (11.6) 36 (31.0)  <0.001
Hypertension 144 (64.0) 98 (84.5) <0.001
Dyslipidemia 146 (64.9) 87 (75.0) 0.057
Smoking 53 (23.6) 31 (26.7) 0.520
Family history of premature 77 (34.2) 37 (31.9) 0.666

CAD

Chest pain 106 (47.3) 59 (51.3) 0.487
DF-CAD consortium >30 % 66 (29.3) 64 (55.2)  <0.001
Morise score >16 105 (46.7) 78 (67.2) <0.001
Heart score >5 29 (12.9) 24 (20.7) 0.060

Values are n (%); CAD coronary artery disease, BMI body mass
index, DF-CAD consortium-diamond-Forrester CAD consortium
model

IVUS, but were mild by baseline angiography (mean
diameter stenosis 32 %). The prognostic value of nonob-
structive CAD has also been recently reinforced from large
cardiac CT registries (CONFIRM) and meta-analysis [23].

In the large international multicenter CONFIRM regis-
try, all-cause mortality was significantly higher for patients
with nonobstructive CAD, as compared with patients
without coronary atherosclerosis. One notable finding in
this registry is the superimposed survival curves of non-
obstructive and 1 vessel obstructive CAD, reinforcing the
prognostic impact of nonobstructive coronary lesions [6].

Why a plaque burden CT score?
The main reason is because CAD represents a very heter-

ogeneous condition and there is a need to structure the
quantification of the plaque burden and to integrate the

Table 4 Multivariate analysis—independent predictors of a high CT-
LeSc (3rd tercile, score >8.3)

OR (95 % CI) p

Demographic and clinical variables

Age >60 1.370  0.819-2.291 0.230
Male sex 1.732 1.035-2.901 0.037
Diabetes 2.905 1.612-5.234  <0.001
Hypertension 2.543 1.395-4.634 0.002
Dyslipidemia 1.563  0.919-2.660 0.099
Clinical scores
Heart score >5 2.416 1.411-4.135 0.001
DF-CAD consortium >30 % 1.590  0.918-2.754 0.098
Morise >16 1.971 1.060-3.666 0.032

OR odds ratio, DF-CAD consortium Diamond—Forrester CAD con-
sortium model

most important information collected by CT and finally to
homogenize the reporting of CT findings.

There are already some CT scores developed and
prognostically validated namely the segment involvement
score (SIS) and the segment stenosis score (SSS), but they
only reflect some aspects of the coronary atherosclerotic
burden, the former only takes into account the number of
segments with plaque and the latter the degree of stenosis
[6]. The CT-LeSc reflects some of the aspects that are
partially included in the SIS (number of segments with
plaque) and the SSS (degree of stenosis), and combines
these two aspects, and also the localization, on a more
comprehensive score.

Why these three components?

Individually, localization of the plaque within the coronary
tree, the type of plaques and degree of stenosis are strong
predictors of future coronary events.

Since CCTA is able to reliably collect information on
these three aspects, a comprehensive score should be able
to integrate these components.
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Fig. 5 Independent predictors
of a high CT-LeSc (score >8.3).
CT-LeSc CT Leaman score

Regarding localization, the original Leaman score was
developed as a score to quantify obstructive coronary dis-
ease identified with invasive angiography [15]. In this
score, with the rational of relative blood supply to the left
ventricle, all coronary segments were given a weighting
factor, reflecting the relative contribution of blood flow to
the left ventricle of each vessel segment, taking also in
account the specific right or left dominance systems.
Recently, this score was used as the segment weighting
factor for the development of the syntax score [24] which
has been proven to have a strong prognostic value in dif-
ferent clinical scenarios [25, 26]. In our score, values were
also provided for balanced dominance, reflecting more
adequately the anatomical variants of the coronary tree.

Plaque composition has been found in both pathological
and clinical studies associated with cardiac events [22, 27].
CCTA has shown to be able to characterize plaque com-
position [28]. Thin cap fibroatheroma is the most common
pathological substrate of ACS and in CCTA these plaques
appear as noncalcified or mixed plaques [16]. In a recent
study by Maurovich-Horvat et al. [16], the frequency of a
napkin-ting sign, a CCTA feature of advanced lesions by
histology, was similar between noncalcified and mixed
plaques, which also reinforces our weighting factor in the
CT-LeSc for plaque composition that was the same
between these two types (a factor of 1.5), and different
from predominantly calcified plaques (a factor of 1).

Regarding the degree of stenosis, we assumed in our
scoring system a factor reflecting the proportion of the
hazard ratios for obstructive versus nonobstructive observed
in the recently large scale CONFIRM registry. By gathering
all the nonobstructive (<25, 25-49 %) and obstructive
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OR (95% C1)
HeartScore25 242 (1.41-4.14)
Morise 216 1.97 (1.06-3.67)
Diabetes 291 (1.61-5.23)
Hypertension 2.54 (1.40-4.63)
—_—— . Male sex 1.73 (1.04-2.90)
1.00 200 3.00 400 5.00 6,00

(50-69, 70-99, 100 %) in the same risk categories, this
scoring system is expected to have a good intra and inter-
observer correlation, since the other two weighting factors
(localization and plaque calcification) have also an excellent
reproducibility and are usually described in CCTA
reporting.

Clinical implications

Many tools are already available to help stratifying patients
at risk of a CV event and some scores have been already
developed gathering the information provided by the dif-
ferent traditional risk factors, like the Framingham score or
the HeartScore. Notwithstanding these observations,
accurate prediction of major coronary events on the indi-
vidual patient level, as opposed to population based stud-
ies, remains challenging.

The clinical implications of a score that reflect the extent
of coronary atherosclerotic burden is related to the fact that
this way we can have a tool to quantify and compare this
burden, which is particularly useful when reporting a
CCTA of a patient without obstructive CAD, but in whom
the extent of nonobstructive CAD could lead to a reclas-
sification of his risk profile and thereby his cardiovascular
treatment.

Of note in our study is the fact that although the CT-
LeSc, by having the degree of stenosis in its composition,
tends to favour patients with obstructive CAD, we were
able to demonstrate that a significant percentage (20.9 %)
of patients with nonobstructive CAD had in fact a CT-LeSc
in the highest tercile (T3). Conversely, among patients with
obstructive CAD, about one fifth had a coronary
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atherosclerotic burden, as assessed by the CT-LeSc, in
lower terciles.

The CT-LeSc, by having a weight related to the locali-
zation, it reflects not only the extent of CAD but also the
expected clinical consequences in case that the more
proximal lesions evolve to a significant stenosis or become
unstable and trigger a coronary event.

In our study, a high HeartScore and a high Morise score
were both associated with nearly a 2-2.5 fold higher prob-
ability of having a high coronary atherosclerotic burden, as
assessed by the CT-LeSc. This could be expected for the
HeartScore, as it was develop as a tool to predict cardio-
vascular risk. In the case of the Morise score, is was
developed and validated as a clinical tool to estimate the
probability of CAD, but it has also been linked to cardio-
vascular outcomes [29]. The Diamond—Forrester was not an
independent predictor of a high CT-LeSc and although we
used the recently calibrated CAD consortium model [12], is
has been developed and calibrated for obstructive CAD
identified with invasive angiography and doesn’t take in
account the cardiovascular risk factors in its composition.

Limitations

There are a number of limitations related to this report: (1)
This is a single center data with medium size cohort; (2) High
prevalence of low CAD probability/CV risk patients. The
population included in our study was mainly composed of
patients with low to intermediate CAD probability and CV
risk. Nevertheless, CAD was present in nearly 60 % of the
patients and this reflects the daily practice and the recom-
mendations that high CAD probability patients have not an
appropriate indication for CCTA [30]; (3) For the weighting
factor of plaque composition, we used a multiplication factor
of 1.5 for mixed and noncalcified plaques. Although this was
an arbitrary factor, this is in line with several CCTA prog-
nostic studies that demonstrated lower hazard ratios for
calcified plaques and reflects an assumption of less plaque
vulnerability of calcified plaques. (4) Lack of prognostic
validation: the aim of this study was to describe a CCTA
score to quantify total coronary atherosclerotic burden and to
identify its clinical predictors. Future studies will be needed
to provide a prognostic validation of this described CT-LeSc.

Conclusions

The calculation of the CCTA-adapted Leaman score as a
tool to quantify total (obstructive and nonobstructive)
coronary atherosclerotic burden, reflecting the compre-
hensive information about localization, degree of stenosis
and type of plaque provided by CCTA is feasible. There
was a significant association between the CT-LeSc and

some traditional demographic and clinical risk factors. In
face of this association, we expect this score to be a useful
tool to quantify the coronary atherosclerotic burden eval-
uated by CCTA and it is expected to convey prognostic
information, and this should be evaluated in future studies.

About one fifth of the patients with nonobstructive CAD
had a CT-LeSc in the highest tercile, which could poten-
tially lead to a reclassification of the risk profile of these
subset of patients identified by CCTA, once the prognostic
value of the CT-LeSc is validated.
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CAPITULO 9.
VALOR PROGNOSTICO DA ANGIOTC CARDIACA

RESUMO:

Neste capitulo é revisto o valor progndstico da angio TC cardiaca nas suas varias etapas, desde os pequenos estudos
iniciais, passando pelas meta-analises e até aos grandes registos multicéntricos e a valida¢do a longo prazo.

0 artigo 19 incluido neste capitulo é uma carta ao editor, comentando alguns aspectos de um trabalho publicado acerca
do valor progndstico da angio TC cardiaca a longo prazo..

Foi ainda incluido um capitulo de um livro de texto onde sdo revistos alguns aspectos da angio TC cardiaca, com

particular énfase na sua validagdo prognéstica.

ABSTRACT:

The prognostic value of cardiac CT is reviewed in this chapter, from the initial small studies and the subsequent meta-
analysis, leading to the large multicenter registries and long-term validation.

Included in the chapter is manuscript 19, a letter to the editor commenting on a work addressing the long-term
prognostic value of cardiac CT.

It was also included a textbook chapter in which several aspects of cardiac CT are reviewed, with a particular emphasis of

the prognostic validation.

ARTIGO 19/ MANUSCRIPT 19:

PROGNOSTIC VALUE OF CORONARY CT ANGIOGRAPHY
Aratjo Gongalves P, Garcia-Garcia HM.

JACC Cardiovasc Imaging. 2013; 6(1):127-128.

CAPITULO EM LIVRO DE TEXTO/ TEXTBOOK CHAPTER:

ANGIO TC CARDIACA II. CARACTERIZACION DE PLACA POR TC. CORRELACION CON LA CINECORONARIOGRAFIA Y EL
ULTRASONIDO INTRAVASCULAR. VALOR PRONOSTICO.

de Aratjo Gongalves P, Garcia-Garcia HM

Em: Rodriguez-Granillo G, Gdmez E, Bastarrika G, Cademartiri F, editores. TC y RM Cardiovascular: Fundamentos

Clinicos. Editora Ediciones Journal 2013.
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9.1 INTRODUCAO

Uma importante limitacdo apontada a angioTC cardiaca era, até muito recentemente, a auséncia
de validagdo progndstica, o que ndo seria de estranhar dado tratar-se da técnica mais recente no
campo da avaliagdo ndo invasiva da DC. No entanto, nos ultimos anos, assistiu-se a uma adop¢ao
crescente da angio TC cardiaca na pratica clinica, nomeadamente na sua indicagdo mais comum
de exclusdo de DC em doentes de probabilidade e risco CV intermédio a baixo (1). A melhoria da
qualidade e do nimero de exames realizados, seguiu-se a evidéncia cientifica que permitiu
validar o valor prognéstico da angio TC cardiaca na avaliagdo de doentes com suspeita de DC (2-

7).

9.2 ESTUDOS INICIAIS DE VALIDACAO PROGNOSTICA

Um dos primeiros estudos que avaliou esta tematica foi publicado por Pundziute e col (2) num
pequeno grupo de doentes (n=100) referenciados para a realizacdo de angio TC cardiaca por
suspeita DC ou para avaliacdo de DC prévia. No seguimento médio de 16 meses, ndo ocorreram
eventos cardiacos major nos individuos em que a angio TC excluiu a presenca de doencga, em
claro contraste com uma taxa de eventos de 30% nos doentes em que foi identificada DC. Um dos
aspectos mais interessantes deste estudo pioneiro, foi ter sido possivel demonstrar que a taxa de
eventos cumulativa no subgrupo com DC ndo obstrutiva era significativamente mais elevada do
que a dos individuos sem placas identificadas na angio TC cardiaca, cujo prognostico foi
excelente. Este estudo inicial teve algumas limita¢cdes, nomeadamente a reduzida dimensao da
amostra e a inclusdo das revascularizagdes no seguimento e os internamentos por Al como
eventos. Este ultimo aspecto é importante, uma vez que estes eventos “ndo-major” podem ser
influenciados pelo resultado da angio TC cardiaca, o que pode ter exagerado o impacto
prognostico desta técnica nesta pequena coorte de doentes.

Num outro trabalho inicial em que foi avaliado o valor prognéstico da angio TC, Min e col (3)
avaliaram 1127 doentes sintomaticos com suspeita de DC. Neste estudo foi demonstrado o
excelente prognoéstico dos individuos com uma angio TC negativa (sem quaisquer placas
aterosclerédticas na arvore corondria) com uma taxa de mortalidade de 0.3% nos 15 meses
subsequentes. O aspecto mais importante deste estudo foi o desenvolvimento e valida¢do
prognostica de varios indices de carga aterosclerética. Para alguns destes indices o resultado ndo
foi surpreendente, uma vez que ja tinham sido avaliados com a coronariografia invasiva e
reflectem apenas o que jad era sabido sobre a fisiopatologia da DC, nomeadamente que o
prognostico se agrava com a extensdo da doencga (n2 de vasos envolvidos), grau de estenose e

localizagdo mais proximal da arvore corondria (nomeadamente no TC e DA proximal). No
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entanto, alguns indices foram especificamente desenvolvidos com a informagdo obtida pela angio
TC e entrando em linha de conta com a presenca de placas ndo obstrutivas (<50% de estenose),
como foi o caso dos indices “segment involvement score” e “segment stenosis score” (estes

indices sdo descritos em mais detalhe nos capitulos 1 e 8).

9.3 META-ANALISES E ESTUDOS MULTICENTRICOS

Mais recentemente, em 2011, foram publicadas 2 meta-andlises que avaliaram o impacto
prognostico da DC documentada por angioTC (4, 5) chegando a conclusdes semelhantes:

1)A presenca e extensdo da DC avaliada na angio TC cardiaca sdo importantes preditores de
eventos CV futuros.

2) A auséncia de DC na angio TC associa-se a um excelente progndstico CV.

E de realgar o facto de em ambas as meta-analises ter sido possivel isolar o impacto prognéstico
da DC ndo obstrutiva, com um comportamento nas curvas de sobrevivéncia para eventos CV
claramente diferente do dos individuos sem placas identificadas na angio TC cardiaca.

Mais recentemente foram publicados do dados do registo CONFIRM (Coronary Computed
Tomography Angiography Evaluation for Clinical Outcomes: An International Multicenter Registry)
(6) onde também foi avaliado o impacto prognéstico da DC avaliada por angio TC. Neste registo
multinacional e multicéntrico que incluiu nesta andlise dados de mais de 20.000 doentes que
realizaram uma angio TC cardiaca, a auséncia de DC associou-se a um prognoéstico excelente (taxa
de morte anual de 0,28%). Neste registo, aos 2,3 anos de seguimento, o risco de mortalidade
conferido pela DC foi 2,6 vezes superior para a DC obstrutiva e 1,6 vezes superior para a DC ndo
obstrutiva (valor dos HR, por comparac¢do com a auséncia de doenc¢a). Numa outra analise do
registo CONFIRM, Chow e col (7) demonstraram que o valor prognéstico das variaveis
relacionadas com a presenca e gravidade da DC era independente e incremental ao fornecido
pela frac¢do de ejeccdo ventricular esquerda e pelos habituais factores de risco, mesmo
agrupados no scores clinicos. Neste trabalho, a mortalidade total foi de 0,65% nos individuos sem
DC, de 1,99% na presenga de DC nao obstrutiva, de 2,9% na DC obstrutiva e de 4,95% na DC
obstrutiva com critérios de gravidade (definida neste estudo como doenga do TC com estenose
250% ou doenca de 3 vasos com estenoses 270% ou doenca de 2 vasos com envolvimento da DA

proximal).

9.4 VALIDACAO PROGNOSTICA A LONGO PRAZO
Sendo uma técnica de implementacdo relativamente recente na pratica clinica, sdo ainda poucos

os estudos que evidenciem o valor prognéstico da angio TC cardiaca a longo prazo.

Recentemente, foi publicado um trabalho por Andreini e col (8) no qual foi avaliada a taxa de
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eventos CV a 4 anos de seguimento numa coorte de 1304 doentes referenciados para angio TC
cardiaca por suspeita de DC. Neste estudo, embora os autores tenham excluidos doentes com DC
prévia, a probabilidade pré-teste da populagdo incluida foi bastante elevada (42,5%), sendo que
% dos doentes era de elevada probabilidade e foram igualmente incluidos doentes com SCA. A
taxa de eventos registada (54% de eventos major no subgrupo com DC obstrutiva) foi muito
acima do esperado para uma populagdo de DC estavel e assim o desenho deste estudo podera ter

exagerado o valor prognéstico da angio TC cardiaca (9).

9.5 VALOR INCREMENTAL E COMPARAGCAO COM OUTRAS TECNICAS DE IMAGEM

No que diz respeito ao valor prognéstico incremental da angio TC cardiaca ao de outras técnicas
de imagem, van Werkhoven e col (10) demonstraram o potencial efeito sinergistico da angio TC
cardiaca, como exame anatémico, com o de um exame funcional, neste caso e cintigrafia de
perfusdo miocardica.

No entanto, esta combina¢do de diferentes técnicas de imagem, apesar de ser apelativa e
interessante do ponto de vista investigacional, quer para efeitos de diagnéstico quer prognéstico,
esse conceito pode ser dificil de implementar na pratica clinica, sendo necessario avaliar também
qual o seu incremento numa abordagem de custo-eficicia. Mais importante ainda é a posicao
relativa das diferentes técnicas de imagem disponiveis num algoritmo de avaliagdo do doentes
com suspeita de DC. Uma das abordagens recomendadas consiste na selec¢do do tipo de exame
em fun¢do da probabilidade pré-teste de doenga, estratégia que favorece a escolha de exames
funcionais nos doentes de probabilidade intermédia e da angio TC cardiaca nos doentes de baixa
probabilidade, explorando assim o seu elevado valor preditor negativo (11) (aspectos discutidos
no capitulo 3).

A validagdo progndstica da informacdo obtida na angio TC cardiaca estd em larga medida na
dependéncia do risco basal na populacdo incluida, como é alids verdade para as varias
modalidade de imagem disponiveis para estratificagdo da DC. Assim, estudos que incluam uma
elevada percentagem de doentes com probabilidade pré-teste e/ou risco CV intermédio a
elevado ou até mesmo com DC ja conhecida podem mais facilmente atestar o valor prognéstico
da angio TC. Do mesmo modo, estudos que incluam eventos CV ndo major, como é o caso das
hospitalizagdes e das revascularizacbes subsequentes, mais facilmente demonstram o
desempenho progndstico, uma vez que o resultado da angio TC podera influenciar a taxa de
revascularizacdes subsequente, como ja foi demonstrado em vdarios estudos (12). Por este
motivo, varios estudos mais recentes que avaliaram esta tematica excluiram as revasculariza¢oes
realizadas ap6s a angioTC (geralmente nos 3 a 6 meses subsequentes) da analise de impacto

prognostico (4, 8).
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Por fim, é importante enquadrar a informag¢do prognédstica da angio TC cardiaca com a que é
fornecida pelas outras modalidade de imagem ndo invasiva como é o caso da cintigrafia de
perfusdo miocardica e o ecocardiograma de sobrecarga, ja avaliadas em estudos prévios (13, 14).
Nesta comparagdo, é de destacar que o prognéstico de uma angioTC cardiaca normal (auséncia
de placas identificadveis na arvore corondria) - taxa de eventos anual de 0,17% numa meta-
andlise (4) é ainda melhor que o previamente demonstrado nas respectivas meta-analises para
um ecocardiograma de sobrecarga normal (sem altera¢des segmentares; taxa de eventos anual
de 1%) e até mesmo que o de uma cintigrafia normal (perfusdo normal; taxa de eventos anual de
0,6%) (15).

Esta diferenca podera ser explicada pelo facto de a angio TC cardiaca identificar a doenca
corondria ndo obstrutiva, que geralmente é negativa nos exames de imagem baseados na
deteccao de isquémia, e deste modo pode fornecer uma informa¢do mais completa da carga
ateroscleroética corondria total, que parece ser o factor de progndstico mais forte para prever a

ocorréncia de eventos CV.
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Figure 2. Lipid-Rich Cardiac Allograft Vasculopathy

(blue lines). Abbreviations as in Figure 1.

IVUS (A), angiography (B), and NIRS (C) scans of the medial right coronary artery (RCA) in a 24-year-old male patient. The white arrow (B) indicates the location
of the presented IVUS cross-sectional image. White lines (B and C) represent a region of the angiogram corresponding to the NIRS scan. Yellow lines (C) repre-
sent 2-mm blocks. The patient underwent heart transplantation 19 years earlier after aortic root wrapping surgery for an aortic root aneurysm that resulted in
severe left ventricular dysfunction. His medical regimen (tacrolimus, sirolimus, nifedipine, losartan, and aspirin) did not include any lipid-lowering therapy. Coro-
nary angiography revealed a focal 80% lesion in the mid RCA, IVUS minimal lumen area = 3.5 cm?, and a lipid core burden index in a 4-mm segment = 524

yellow). Chemogram analysis enables one to divide the scan into 2-mm
blocks and quantify the amount of lipid on a scale of 0 to 1,000, termed
the lipid core burden index (LCBI).

Similar to Hou et al., we captured 2 distinct patterns of CAV by NIRS
during the routine hemodynamic and angiographic assessment in long-
term survivors after heart transplantation. Simultaneous gray-scale IVUS
and NIRS scans in the 2 allograft recipients 11 and 19 years after the
transplantation demonstrated fibrotic (Fig. 1) and lipid-rich plaques
(Fig. 2), respectively. Interestingly, the NIRS chemogram showed lipid-
rich regions, even for the angiographically normal-appearing vessel in the
latter patient who did not receive statin therapy.

The 2 different NIRS scans of CAV in transplant recipients may
correspond to the difference in elapsed survival time from trans-
plantation and use of medical therapy. Autopsy studies have
confirmed that in the first 5 years after transplantation, CAV
plaques are mostly composed of fibrotic tissue, whereas lipid
accumulation is seen later. Gray-scale IVUS studies have provided
some insight into the etiology of CAV in survivors 1 to 9 years
post-transplantation (4). They have revealed diffuse and circumferen-
tial lesions in mid and distal coronary segments, suggestive of the
fibrotic tissue. Focal and noncircumferential lesions observed in the
proximal segment of the vessel early after transplantation indicated
pre-existing atherosclerotic lesions. Radiofrequency (RF) analysis by
IVUS (virtual histology) suggested that lipid-rich regions in neointima
increased and fibrosis decreased with time over 1 to 20 years after the
heart transplantation (5). However, the accuracy of RF-IVUS in
lipid-rich plaque determination has been questioned, and character-
ization of the IH by other imaging modalities should be confirmatory.
Interestingly, the accelerated lipid-rich atherosclerotic process in CAV'
seems to be slower compared with vein coronary graft plaques and
in-stent restenosis development. This insidious process is often a result
of younger vasculature of the allografts, which is likely to be devoid of
pre-existing disease. The immunosuppressive therapy could also con-
tribute to the delay in the process; statin supplementation further
enhances the immunosuppressive efficacy of calcineurin inhibitors.

New intravascular imaging modalities may improve CAV
screening in allograft recipients. They would contribute to the
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understanding of the disease process and help to better define
management strategies. Allograft vasculopathy is not unique to
heart transplantation and may occur similarly in all transplanted
organs, and the knowledge gained from coronary screening may
have wider implications.
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Prognostic Value of
Coronary CT Angiography
We read with interest the paper from Andreini et al. (1) that provided

more evidence on the prognostic value of cardiac computed tomography
angiography (CTA) in patients referred for evaluation of possible coronary
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artery disease (CAD), an area of research in need of long term follow up
studies like this one (mean follow-up >4 years).

However, we noticed that the mean pre-test probability of CAD
in the study population was 42.5%, with one-quarter of the patients
having a high CAD probability, which is not in line with the most
favored low-to-intermediate probability population referred for
CTA for the exclusion of possible CAD (2), and that could explain
the higher-than-expected hard event rate for a stable CAD popu-
lation (almost 1 out of 2 patients with obstructive CAD dying or
having a nonfatal myocardial infarction [MI]) in the follow-up (3).
This could have been the result of having included patients
admitted to the hospital because of new-onset chest pain (43%), a
subset that could be considered as possible acute coronary syndrome
(ACS) unstable angina/non—ST-segment elevation MI) and can
explain the higher than expected rate of major (death/MI) events in
the follow-up (event-free survival of 54%). In how many cases was
an ACS diagnosis confirmed? If any, the authors should have
excluded these patients from the study. We fully agree that CTA
can provide useful prognostic information beyond the exclusion of
obstructive CAD, but the inclusion of patients with possible ACS
and high CAD probability could have lead to an overestimation of
the prognostic power of CTA.

Another striking point was the fact that 45% of patients had
hypercholesterolemia but only 26% were treated with statins. Further,
statins turned out in multivariable analysis to be independent predic-
tors for hard events. Likewise, 26% of the population (with suspected
CAD) was taking aspirin, which is not generally recommended as
primary prevention. Use of aspirin was also an independent predictor
of all cardiac events. It would have been interesting to know if the use
of these drug groups is allocated to a more severe subset of patients
(more frequently used in obstructive vs. nonobstructive vs. normal
patients) and in this way are just a surrogate marker of higher disease
burden. Likewise, it would be of interest to know if patients were
already taking these drugs before the CTA or if they were just started
after significant disease was identified and, in this way, they could not
have had enough time to come out with its protective effects in a more
severe CAD subgroup of patients.

The Framingham risk score (FRS) was used to estimate the
cardiovascular risk of this Italian cohort of patients; it could have
been more accurately estimated with the European-based
HeartScore (4). This could have also influenced the results, as the
multivariable analysis models were adjusted for the FRS.

It is not mentioned that the events were independently adjudi-
cated and that the adjudication event committee is an experienced
one with acceptable intra-committee reproducibility for the adju-
dication of events. This point is of utmost relevance in a report of
this nature. In addition, regarding revascularizations, we agree that
early revascularizations should be excluded to avoid the influence of
CTA results in patient management but most of the previous
studies considered early as 30 days (5) and not 6 months like in the
paper from Andreini et al. (1). This could have also influenced the
results, as revascularizations in obstructive CAD group are likely to
have happened sooner after the CTA and in this regard could have
underestimated the prognostic value of obstructive versus nonob-
structive CAD. Further, it is not mentioned whether the revascu-
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larizations were ischemia-driven (i.e., only for obstructive lesions)
or not.

Despite the fact that authors have scored hierarchically the
plaque type per segment (i.e., in case of presence of 2 plaques,
calcified and noncalcified, only one was scored and labeled as
calcified) which underestimates the frequency of noncalcified
plaques, in the univariate analysis, these were found to be indepen-
dent predictors of hard events. This methodology seems to us to be
counterintuitive, since it has been reported many times that
high-risk plaques (i.c., plaques prone to rupture and associated with
an event) are those noncalcified or mixed, which could have come
out as strong predictors also in the multivariate analysis if the
authors had not underscored them.

Undoubtedly, this is a report with an important message, but we
feel that the above-mentioned points should be further explained to
strengthen the conclusions.

Pedro de Araujo Goncalves, MD,
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7120, ’s-Gravendijkwal 230, Rotterdam, Zuid Holland 3015 CE,
the Netherlands. E-mail: hgarcia@cardialysis.nl OR
h.garciagarcia@erasmusme.nl
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The comments of Garcia-Garcia and Goncalves are relevant and
allow us to expand on some results of our study (1). First, we found
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a relatively high cumulative event rate at follow-up in multidetector
computed tomography coronary angiographic (MDCT-CA) ob-
structive coronary artery disease compared with other studies,
which may be due to characteristics of patients who had chest pain
and positive stress tests in 43% and 29% of cases, respectively.
However, the CONFIRM registry demonstrated that MDCT-CA
has the best prognostic value in this patient subset, whereas its value
in asymptomatic patients is quite limited (2). We agree that
including patients with acute coronary syndromes (ACS) may lead
to an overestimation of MDCT-CA prognostic capability. Accord-
ingly, we excluded patients in whom ACS was confirmed by cardiac
enzyme or electrocardiographic changes. The discrepancy between
hypercholesterolemia rate and statin use in our patients is in
agreement with the suboptimal therapy adherence reported in a
substantial proportion of European patients (3). Medical therapy
reported in our patients was administered before MDCT-CA.
Indeed, 26% of them were taking aspirin, not for CAD but for
other indications. We agree that the European Heart Score would
have been more appropriate than Framingham cardiovascular risk
estimation. However, the former has been challenged because it is
not mathematically consistent and unfit to estimate cardiovascular
mortality (4). In the first version of our paper, revascularizations
were defined “carly” if performed within 2 months after MDCT-
CA. However, a reviewer criticized this definition. Indeed, using a
2-month cutoff, only 6 patients were excluded despite 295 patients
having MDCT-CA stenosis =70%. This indicates that many
revascularizations occurring later than 60 days were probably driven
by MDCT-CA. We agree that the 6-month cutoff may have led to
an underestimation of obstructive CAD prognostic value. However,
this limitation did not affect hard cardiac events survival analysis.
Finally, we believe that assigning 1 coronary plaque per coronary
segment and classifying a plaque as calcific in cases in which a
coronary segment contained calcific and noncalcific plaques was
correct, as previously reported (5). Indeed, in the presence of small
plaques, those calcific plaques are the easiest to detect with
MDCT-CA, and most prognostic data are based on simple
coronary plaque scores, regardless of plaque composition (3).

*Daniele Andreini, MD, Gianluca Pontone, MD,
Saima Mushtaq, MD, Antonio L. Bartorelli, MD,
Mauro Pepi, MD

*Centro Cardiologico Monzino, Via Parea 4, 20138 Milan, Italy.
E-mail: daniele.andreini@ccfm. it
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Ultrasonographic Measure of
Carotid Plaque Burden

In their excellent paper, Sillesen et al. (1) omitted mention of the
original work on measurement of carotid plaque burden. Spence et
al. (2) first measured carotid total plaque area (TPA) in 1990, and
developed it for patient management and genetic research, and
3-dimensional methods for evaluation of new therapies. They
showed that TPA and progression of TPA strongly predicted the
5-year risk of stroke, death, or myocardial infarction after adjusting
for coronary risk factors.

Sillesen et al. (1) stated that the prevalence of plaque they observed
(78%) was 2-fold higher than previously reported. However, in the
NOMAS (Northern Manhattan Study) study, a population-based
study of individuals free of stroke at similar ages, plaque prevalence was
58% on 2-dimensional ultrasound imaging and it was greater by age
and among certain race-ethnic groups (3). Prevalence of plaque
depends on age and how it is defined. If defined as a focal thickening
>1 mm, in vascular patients it increases from 75% of patients at age 35 to
45 years to 99% by age 65 to 75 years, and 100% over age 75 years (2).

Besides plaque burden, other ultrasonographic characteristics of
plaque morphology such as plaque surface irregularity, ulceration,
texture, and plaque density may be even more important predictors
of stroke and cardiovascular disease.

The Tromse study showed that TPA was a stronger predictor of
myocardial infarction and stroke (4) than intima-media thickness,
and this was confirmed in a meta-analysis (5). Three-dimensional
plaque volume is highly correlated with TPA, and is much more
sensitive to change with therapy than intima-media thickness or
TPA, so it is the best way to assess effects of new therapies (2).
There is little doubt that carotid plaque burden will be a stronger
predictor of cardiovascular events in the High Risk Plaque Bioim-
aging Study than any of the other imaging modalities measured,
with the possible exception of coronary calcium.

Tatjana Rundek, MD, PhD,* J. David Spence, MD

*Department of Neurology, Miller School of Medicine, University of

Miami, Clinical Research Building, Suite #1348, 1120 Northwest

14th Street, Miami, Florida 33136. E-mail: trundek@med.miami.edu
httpidx.doi.org/10.1016/}.jcmg.2012.08.015
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9.1 INTRODUCTION

Advances in the field of Computed Tomography (CT) have made possible to
noninvasively evaluate the presence of coronary artery disease (CAD) and in
recent years Coronary CT angiography (CCTA) has become a widely adopted
technique. This was due not only to its high diagnostic accuracy, but also to the
fact that CCTA provides a comprehensive evaluation of both obstructive and
nonobstructive CAD and, more recently, its prognostic information has been
validated.

The initial studies of CCTA addressed mainly its diagnostic accuracy. This was
done both by comparison with the gold standard invasive coronary angiography
(ICA) and with intravascular ultrasound (IVUS) (both described in more detail in
sections 9.2 and 9.3 of this chapter).

From the beginning it was also evident that this technique allowed not only the
exclusion of obstructive CAD but also provided information regarding the
presence of nonobstructive lesions, and this was a unique feature in the field of
noninvasive CAD evaluation.

As the technique became more robust and widely adopted in clinical practice,
data was gathered regarding cardiovascular outcomes and this opened a 2nd
phase of studies addressing its prognostic value (described in more detail in
section 9.4 of this chapter).

The latest technological advances have significantly improved CCTA temporal
resolution and volume coverage, leading to a decrease in radiation and contrast
dose, and improvements in image quality, that will further reinforce the role of

CCTA for the evaluation of patients with possible CAD.
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9.2 CORRELATION WITH INVASIVE CORONARY ANGIOGRAPHY - Cardiac CT

diagnostic accuracy

Many studies have been published evaluating the diagnostic accuracy of CCTA,
by comparing with the gold standard invasive coronary angiography. These were
initially done with 4-slices (1-4), followed by 16-slices scanners (5-9), but by
that time significant limitations existed related to the dose of contrast, long
breath-hold times and high percentage of segments excluded from analysis due
to insufficient image quality. In a meta-analysis of 27 studies comparing CCTA
(with scanners of at least 16 slices) with invasive coronary angiography, the per-
patient sensitivity was very high (96%) but the specificity was only modest
(74%), leading to a positive predictive value of 68% (10).

With the development of 64-slices scanners, now considered to be the minimum
requirement for CCTA (11), significant technological advances were
incorporated, which have been translated to improvements in diagnostic
performance and lead to the widely adoption of CCTA in clinical practice. In a
more recent meta-analysis, including only studies with 64 slices scanners, the
reported per-patient sensitivity was 99%, specificity 89%, positive predictive
value (PPV) was 93% and negative predictive value (NPV) was 100% (12).
Nevertheless, even with 64 scanner slices, some multicenter trials, have reported
low specificity when evaluating consecutive nonselected patients. In the
ACCURACY (Assessment by Coronary Computed Tomographic Angiography of
Individuals Undergoing Invasive Coronary Angiography) trial, a prospective
multicenter evaluating stable patients without known CAD who underwent CCTA
before clinically indicated ICA, CCTA had a diagnostic sensitivity, specificity,

PPV, and NPV of 94%, 83%, 48%, and 99%, respectively. (13). The low specificity
reported in this trial could be related to the fact that patients were consecutively
included irrespective of baseline coronary calcium score, body mass index or

heart rate, variables that are well known to influence image quality.
In another multicenter study, Meijboom and coll (14) evaluated the diagnostic

performance of CCTA in a population including both stable and acute chest pain

patients without known CAD referred for invasive coronary angiography. No
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patients or segments were excluded because of impaired image quality
attributable to either coronary motion or calcifications and the prevalence of
obstructive CAD was 68%, factors that could explain the low per-patient
specificity of 64% for CCTA found in this study, leading to a positive predictive
value of 86%. Once again, the per-patient sensitivity was 99% and the negative
predictive value was 97%.

Improvements in spatial and temporal resolution and volume coverage with the
newest generation scanners lead to further improvements in image quality, and
significant reductions on radiation and contrast dose, all factors expected to
further reinforce the role of CCTA in the evaluation of patients with suspected
CAD.

With the development of dual source scanners, there was a significant increase
in temporal resolution, leading to a less dependence on heart rate control (15)
and a significant reduction in radiation dose with high-pitch spiral acquisitions,
without compromising diagnostic accuracy (16, 17) - figure 1.

Likewise, 320-rows scanners also lead to significant improvements, reducing the
radiation dose and amount of contrast while maintaining high diagnostic

accuracy (18, 19)

Summing up the different multicenter trials and meta-analysis addressing this
issue, it has become clear now that this noninvasive imaging technique has a
very high sensitivity for detecting patients with significant CAD, leading to a very
high (virtually 100%) negative predictive value, which makes CCTA a perfect
gatekeeper for invasive angiography.

Regarding the still limited specificity, this has to be taken in consideration,
especially when evaluating patients with severe calcification, since CCTA often

overestimates the degree of coronary stenosis in this setting (blooming effect).

In conclusion, when evaluating the diagnostic accuracy of CCTA, some factors
have to be considered, that could influence the performance of the exam, and

could explain the differences between different studies:
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-type of scanner technology (64 slices is now considered to be the typical
minimum standard)

-population studied, regarding expected prevalence of obstructive CAD (can be
calculated with pre-test CAD probability scores — CCTA is indicated in low to
intermediate CAD probability)

-inclusion of nonevaluable segments in the analysis (considering nonevaluable
segments as positive improves sensitivity but reduces specificity)

-inclusion of patients with high body mass index, high calcium score or high

heart rates, factors known to negatively affect image quality.
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9.3 PLAQUE CARACTERIZATION AND CORRELATION WITH INTRAVASCULAR
ULTRASOUND - pushing the limits of spatial resolution

Relevance of plaque characterization and limitations of the presently

available imaging modalities (both invasive and ischemia based)

Since many myocardial infarctions present in previously asymptomatic patients
and not infrequently the first manifestation of CAD is sudden cardiac death, the
main challenge that we face today is to identify patients at risk before those
events occur. In this regard, clinical evaluation alone might be insufficient, as
many patients don’t have previous symptoms and it has also been demonstrated
that only a minority of patients experiencing and acute myocardial infarction
would have been identified as high risk by the available risk-factors based
scores, prior to the event (20).

Coronary plaque characterization, namely the identifications of features of
vulnerability, has been the focus of extensive research by different coronary
imaging modalities like intravascular ultrasound (IVUS), [VUS-virtual histology
(IVUS-VH) and optical coherence tomography (OCT). These imaging modalities,
although providing the highest possible spatial resolution, have there
applicability limited by their invasive nature, and are usually employed in
patients already referred for invasive angiography because of suspected CAD or
with acute coronary syndromes (ACS). Many of these patients will be
(independent of the result of the imaging modality) under secondary prevention
of CAD, which changes natural history and reduces the risk of subsequent
cardiovascular events (21, 22).

In the multicenter PROSPECT study (22), a large plaque burden, a small lumen
area and the presence of a thin cap fibroatheroma assessed by IVUS-VH in
nonculprit lesions, were independent predictors of future major adverse cardiac
events. In this study, lesions that led to major adverse cardiac event had a high
plaque burden by IVUS, but were mild by baseline angiography, with a mean
diameter stenosis of only 32%. Although the Prospect trial was a landmark study
of CAD natural-history, its applicability is limited by the fact that patients were

evaluated in the setting of an acute coronary syndrome, for whom aggressive
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secondary prevention is, in any case, recommended, independent of the imaging
evaluation. This is important since medication changes natural history and can
explain why the prediction power of the identified variables is rather weak. In
fact, even in the presence of these 3 features, only 18,2% of the patients really
experienced an event in the subsequent 3.4 years of follow-up, and many of
those events were rehospitalization for unstable or progressive angina, a rather
soft event.

On the other hand, ischemia based imaging modalities have also some limitation
in this regard, especially related to the fact that nonobstructive lesions are not
associated with ischemia, but can also be the culprit of coronary events (22-25) -
(figure 2).

This is of utmost importance since it has been demonstrated that nonobstructive
lesions can lead to myocardial infarctions (25-27). On the other hand, it is now
recognized that although obstructive plaques can be more prone to rupture than
their nonobstructive conterparts, these nonobstructive lesions are much more
prevalent with makes them, on absolute numbers, frequently the culprit of acute
coronary syndromes (28). Therefore, the importance of nonobstructive disease
should not be underestimated and imaging techniques that convey information
about the whole (obstructive + nonobstructive) coronary atherosclerotic burden
have a great potential for risk stratification (29) (figure 3)

In this regard, CCTA might qualify as a possible useful tool, in face of its
noninvasive nature, widespread adoptance in clinical practice and the
impressive reductions in radiation dose made possible with the new generation

scanners (figure 4).

Correlation with invasive imaging modalities

Several studies have reported on the correlation between CCTA plaque features
with invasive coronary imaging modalities like IVUS, IVUS-VH and OCT. In a
recent meta-analysis, CCTA had a good diagnostic accuracy to detect coronary
plaques compared with the gold standard IVUS, with an area under the curve for

the receiver operating characteristics analysis of 0.94, a sensitivity of 90%, and a
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specificity of 92%, with small differences in the assessment of plaque area and
volume, percent area stenosis, and a slight overestimation of lumen area (30).
Several CCTA plaque characteristics have now been show to be more prevalent
in culprit lesions in the setting of acute coronary syndromes. In a study done by
Hoffman and coll, a significantly larger plaque area and positive remodelling
were found in culprit lesions of ACS patients, compared with patients with stable
CAD (31). Positive remodelling has been considered for many years a surrogate
marker of plaque vulnerability, and many of these lesions have a high plaque
burden that is underestimated by luminal angiograms because they undergo
expansive or positive outward enlargement and are frequently nonstenotic (24).
Figure 6.

In another small study, Motoyama and coll found that culprit lesions of patients
with ACS had more frequently positive remodelling, low-density plaque [<30
Hounsfield units (HU)] and spotty calcifications (32).

Extending on these results, the same authors conducted a large prospective trial
including 1059 patients who underwent CCTA, and demonstrated that positive
remodelling and low attenuation plaques were associated with the subsequent
development of acute coronary syndromes (23). In this study, the percentage of
patients with these 2 features that subsequently developed and ACS was 22,2%,
compared with only 3,7% for patients with only one feature and 0,5% for

patients with neither positive remodelling or low-attenuation plaques.

In a study by Kashiwagi and col, evaluating 105 patients with coronary artery
disease, CCTA findings have been also validated against OCT (33). In this study,
thin cap fibroatheromas (TCFAs) had higher remodelling indexes, lower CT
attenuation values and more often “ring-like” enhancement by CCTA (44% in the

TCFA group vs 4% for the non-TCFA group).

In a recent study, Papadopoulou and coll evaluated the distribution and
composition of coronary plaques at bifurcations with both CCTA and IVUS-VH

(34). They found that plaques with high-risk phenotype as assessed by IVUS-VH
were more commonly found in segments proximal to the bifurcation, rather than

in the bifurcation or distal to the bifurcation. Interestingly, by evaluating the
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geometry of the bifurcation, a feature easily assessed with CCTA, they found that
a wide angle was more often associated with high-risk plaques.

As a group, these studies provide evidence on how CCTA can noninvasively
provide information on several plaque characteristics - like plaque volume,
remodelling, plaque composition, distribution and geometry of the coronary tree
- that can be associated with the development of future coronary events (Figure

6).

Limitations of CCTA for plaque characterization:

In recent years, several technical developments were possible in the field of
cardiac CT, leading to significant improvements in temporal resolution (with
increased gantry rotation speed and dual source scanners) and high volume
coverage (with scanners up to 320 rows). It has become possible to scan patients
in one heart cycle leading to very low breath-hold times, impressive reductions
in contrast and radiation doses and significant improvements in image quality.

Nevertheless, spatial resolution has not seen significant improvements and
remains presently one of the major technical limitations of CCTA. In what
concerns plaque characterization, the spatial resolution of current available
scanners (in the range of 400-600 pm) prevent the detailed assessment of
several features associated with vulnerable plaques, as is the case of the
evaluation of a thin fibrous cap. This spatial resolution is significantly lower than
that of IVUS (200-250 pm) or OCT (10-15 pm) (35) and this has to be taken in
consideration and should temper our expectations regarding the potential of
CCTA for plaque assessment in face of the limitations already faced by other
invasive imaging modalities regarding the identification of the vulnerable

plaque.
Another limitation faced by CCTA plaque characterization is related to the fact

that coronary plaque attenuation values are significantly modified by differences

in lumen contrast densities, as has been demonstrated both ex vivo and in vivo

321



(36, 37). This is important because lumen attenuation can be influenced by
different contrast and scanning protocols and therefore makes it difficult to
establish thresholds for the definition low attenuation plaque as a surrogate of

vulnerable plaque, that can be widely adopted.

One last important limitation in this regard is related to the reproducibility of
CCTA plaque measurements, as many previous studies have reported significant
interobserver variability in the assessment of several CCTA plaque
characteristics (38, 39). This is dependent on image quality, vessel size and
degree of calcification, features that are dependent again on spatial resolution. In
the future, improvements in spatial resolution and the development of robust
dedicated automated quantification software could contribute to overcome these

difficulties.
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9.4 PROGNOSTIC VALUE - Cardiac CT reaching adulthood

The lack of prognostic validation was, until recently, one of the major limitations
of cardiac CT. This was expected as cardiac CT was the new player in the field of
noninvasive imaging of coronary artery disease. Nevertheless, this “new player”
has now become widely adopted in clinical practice, being commonly used in
low-to intermediate risk patients to exclude the presence of obstructive CAD
(11). As the technique became more robust and more data become available,
cardiac CT proved also to be a strong prognostic tool for the evaluation of

patients with suspected CAD (40-45).

One of the first studies addressing this issue was done by Pundziute and col (40)
in a small subset of 100 patients with known or suspected CAD. During a mean
follow-up of 16 months, there were no major cardiac events on the subset of
patients without CAD, contrasting with the 30% event rate of patients with CCTA
documented CAD. More importantly, the cumulative event rate of patients with
nonobstructive CAD was higher and different from the excellent prognosis of
patients without plaques on CCTA. This earlier study had some limitations, both
related to the small sample size and the fact that some of the included
cardiovascular events (revascularization and unstable angina requiring
hospitalization) are not “hard” endpoints and could be influenced by the CCTA
result.

In another important work addressing this issue, Min and coll (41) evaluated the
prognostic value of identifying CAD with CCTA in a single-center cohort of 1127
patients with stable chest symptoms. In this initial study, a negative CCTA was
associated with an excellent prognosis and some CCTA derived CAD indexes
were developed and prognostically validated. Some of those indexes were
expected to convey prognostic information, as these observations extend on
what was previously documented for invasive coronary angiography, as was the
case of number of diseased vessels, degree of stenosis and more proximal
location. More importantly was the fact that they were able to demonstrate the

prognostic value of more CCTA specific indexes derived from the comprehensive
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information of both obstructive and nonobstructive plaque. The authors
developed 2 indexes that reflect some aspects of the coronary atherosclerotic
burden and could be used as CCTA prognostic tools: The Segment involvement
score (SIS), obtained as the total number of segments with plaque (1 point for
each segment with plaque, irrespective of the degree of luminal stenosis) and the
Segment stenosis score (SSS), obtained by grading the stenosis severity of each
segment with plaque (segments graded from 0 to 3 according to the degree of
stenosis). For both SIS and SSS, a value of 5 was identified as the best cut-off to
predict all cause mortality.

In 2011, 2 meta-analysis were published (42, 43) evaluating the prognostic value
of CCTA and (not surprisingly) had the same 2 main conclusions: 1) that the
presence and extent of coronary artery disease on CCTA are strong and
independent predictors of future cardiovascular events; 2) the absence of CAD
on CCTA is associated with an excellent prognosis.

Of note, in both meta-analysis, it was possible to distinguish between the
excellent prognosis of patients in the absence of CAD from that of patients with
nonobstructive CAD, as documented by CCTA.

More recently, data from the CCTA registry CONFIRM (Coronary Computed
Tomography Angiography Evaluation for Clinical Outcomes: An International
Multicenter Registry (44) was published and examined once again the
prognostic power of CCTA. In this large (>20.000 patients) multicenter and
multinational registry of patients evaluated by CCTA, absence of CAD was
associated with an excellent prognosis (annualized death rate of 0.28%). At 2.3
years follow-up, both obstructive and nonobstructive CAD conferred an
increased mortality risk with hazard ratios of 2.6 and 1.6 respectively.

In another report of the CONFIRM database, it was demonstrated that CCTA
measures of CAD severity yield independent and incremental prognostic value to
that of left ventricle ejection fraction (LVEF) and routine clinical predictors (45).
In this report, all-cause mortality occurred in 0.65% of patients without CAD, in
1.99% of patients with nonobstructive CAD, 2.90% of patients with non-high-
risk CAD, and 4.95% with high-risk CAD.

In what concerns the incremental prognostic value of CCTA over other CAD

imaging modalities, Werkhoven JM and coll (46) have evaluated the potential
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synergistic effect of a functional test (single-positron emission CT - SPECT) and
CCTA (as an anatomical test). They found CCTA to be an independent predictor
of cardiovascular events and its prognostic information was incremental to that
of SPECT. Nevertheless, although the potential synergistic role of both
anatomical and functional imaging modalities can be appealing, for both
diagnostic and prognostic purposes, this concept might can be difficult to prove
as a cost effective strategy and probably not desirable to perform both exams in
the same patient. This way, more research is needed to further evaluate the role
and relative position of the different imaging modalities in the algorithm for the
evaluation of patients presenting with possible CAD. One proposed approach is
to select the type of exam according to the patient CAD probability, favoring
functional exams in the intermediate probability and CCTA for the lower
probability patient, as recommended by the National Institutes of Clinical

Excelence - NICE - clinical guidelines on “Chest pain of recent onset” (47).

The prognostic evaluation of CCTA data (as is the case for other CAD imaging
modalities) is dependent on the baseline risk of the population included and the
outcomes evaluated. Studies including higher percentage of patients with
intermediate to high CAD probability and/or risk, or even with known CAD, can
more easily document the prognostic power of CCTA. This is also the case for
studies evaluating the impact on total cardiovascular events (instead of only
“hard” CV events). This is especially true regarding the inclusion of
revascularizations after CCTA, as the result of this anatomical test could
influence and increase subsequent procedures. For this reason, many study’s
addressing this issue have now excluded earlier revascularizations from the
outcome analyses (42, 48).

In another recently published study, Andreini and coll evaluated the long term
(>4 years follow-up) prognostic value of CCTA in a cohort of 1304 patients with
suspected CAD (48). Although the authors excluded patients with known CAD,
the mean pre-test probability of CAD in the study population was high (42.5%,
with one-quarter of the patients having a high CAD probability) and they also
included patients with possible acute coronary syndromes. This led to a higher-

than-expected hard event rate for a stable CAD population (event-free survival of
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54% for patients with obstructive CAD). Therefore, the design of studies to
address the prognostic value of CCTA can be influenced by these 2 important
aspects: inclusion of many high risk/high CAD probability patients and of
revascularization as a cardiovascular event can lead to an overestimation of the

prognostic power of CTA.

When comparing the prognostic prognostic information conveyed by CCTA with
that of other noninvasive imaging modalities like SPECT or stress echo, it is
remarkable that the excellent prognosis of a normal CCTA - no plaque - (0.17.%
annual event rate in a CCTA meta-analysis (43) is even lower than what was
previously demonstrated for patients with normal perfusion on SPECT (0.6%
annual event rate) or normal wall motion on stress echo (1.0% annual event
rate) in previous meta-analysis (49, 50).

This difference could be explained by the fact that CCTA identifies
nonobstructive CAD (usually negative of stress based exams) and in this way
provides a more comprehensive evaluation of the total coronary atherosclerotic

burden that has a stronger prognostic meaning.
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Figure 1: CCTA performed on a dual-source scanner (B) and corresponding invasive coronary
angiography (A) at a low radiation dose of 3mSv (212 DLP, conversion factor of 0.014) depicting

a noncalcified plaque (C) with 50-70% stenosis in the mid-segment of the right coronary artery.

Vdelog () Angle: 0
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Figure 2: Identification of nonobstructive CAD as a unique feature of CCTA as a noninvasive CAD

imaging modality.

) ¢
Stress Echo Stress Echo Stress Echo
SPECT SPECT SPECT
CCTA CCTA CCTA
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Figure 3: Contrast between CV risk, as assessed by the HeartScore, and the presence of
nonobstructive (but probably not innocent!) mixed plaque in the left main in a 51 years-old male

with hypertension, dyslipidemia and an HeartScore <5%.
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Figure 4: CCTA with prospective triggering with an estimated radiation dose of 1.1mSv (79DLP,

conversion factor of 0.014), in a patient with normal coronary arteries.
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Figure 5: CCTA depicting a noncalcified plaque in the proximal left anterior descending artery

without significant stenosis (A). In invasive angiography (B) this lesion was not apparent but was

confirmed with IVUS (C).
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Figure 6: Mixed plaque in the proximal left anterior descending artery with positive remodeling
and without significant stenosis (<25% by visual estimation). This was a 31 year old male patient

with a family history of premature coronary artery disease.

332



Capitulo 9: Valor prognoéstico da angioTC cardiaca

REFERENCES

1. Becker CR, Knez A, Leber A, Hong C, Treede H, Wildhirt S, et al. [Initial
experiences with multi-slice detector spiral CT in diagnosis of arteriosclerosis of
coronary vessels]. Radiologe. 2000 Feb;40(2):118-22.

2. Ohnesorge B, Flohr T, Becker C, Kopp AF, Schoepf U], Baum U, et al.
Cardiac imaging by means of electrocardiographically gated multisection spiral
CT: initial experience. Radiology. 2000 Nov;217(2):564-71.

3. Achenbach S, Ulzheimer S, Baum U, Kachelriess M, Ropers D, Giesler T, et
al. Noninvasive coronary angiography by retrospectively ECG-gated multislice
spiral CT. Circulation. 2000 Dec 5;102(23):2823-8.

4, Nieman K, Oudkerk M, Rensing BJ, van Ooijen P, Munne A, van Geuns R], et
al. Coronary angiography with multi-slice computed tomography. Lancet. 2001
Feb 24;357(9256):599-603.

5. Ropers D, Baum U, Pohle K, Anders K, Ulzheimer S, Ohnesorge B, et al.
Detection of coronary artery stenoses with thin-slice multi-detector row spiral
computed tomography and multiplanar reconstruction. Circulation. 2003 Feb
11;107(5):664-6.

6. Kuettner A, Trabold T, Schroeder S, Feyer A, Beck T, Brueckner A, et al.
Noninvasive detection of coronary lesions using 16-detector multislice spiral
computed tomography technology: initial clinical results. ] Am Coll Cardiol. 2004
Sep 15;44(6):1230-7.

7. Mollet NR, Cademartiri F, Nieman K, Saia F, Lemos PA, McFadden EP, et al.
Multislice spiral computed tomography coronary angiography in patients with
stable angina pectoris. ] Am Coll Cardiol. 2004 Jun 16;43(12):2265-70.

8. Hoffmann U, Moselewski F, Cury RC, Ferencik M, Jang IK, Diaz L], et al.
Predictive value of 16-slice multidetector spiral computed tomography to detect
significant obstructive coronary artery disease in patients at high risk for
coronary artery disease: patient-versus segment-based analysis. Circulation.
2004 Oct 26;110(17):2638-43.

9. Mollet NR, Cademartiri F, Krestin GP, McFadden EP, Arampatzis CA,
Serruys PW, et al. Improved diagnostic accuracy with 16-row multi-slice
computed tomography coronary angiography. ] Am Coll Cardiol. 2005 Jan
4;45(1):128-32.

10. Hamon M, Biondi-Zoccai GG, Malagutti P, Agostoni P, Morello R, Valgimigli
M. Diagnostic performance of multislice spiral computed tomography of
coronary arteries as compared with conventional invasive coronary
angiography: a meta-analysis. ] Am Coll Cardiol. 2006 Nov 7;48(9):1896-910.

11. Taylor A], Cerqueira M, Hodgson JM, Mark D, Min ], O'Gara P, et al.
ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/SCAI/SCMR 2010 appropriate use
criteria for cardiac computed tomography. A report of the American College of
Cardiology Foundation Appropriate Use Criteria Task Force, the Society of
Cardiovascular Computed Tomography, the American College of Radiology, the
American Heart Association, the American Society of Echocardiography, the
American Society of Nuclear Cardiology, the North American Society for
Cardiovascular Imaging, the Society for Cardiovascular Angiography and

333



Capitulo 9: Valor prognoéstico da angioTC cardiaca

Interventions, and the Society for Cardiovascular Magnetic Resonance. ] Am Coll
Cardiol. 2010 Nov 23;56(22):1864-94.

12. Mowatt G, Cook JA, Hillis GS, Walker S, Fraser C, Jia X, et al. 64-Slice
computed tomography angiography in the diagnosis and assessment of coronary
artery disease: systematic review and meta-analysis. Heart. 2008
Nov;94(11):1386-93.

13. Budoff MJ], Dowe D, Jollis JG, Gitter M, Sutherland ], Halamert E, et al.
Diagnostic performance of 64-multidetector row coronary computed
tomographic angiography for evaluation of coronary artery stenosis in
individuals without known coronary artery disease: results from the prospective
multicenter ACCURACY (Assessment by Coronary Computed Tomographic
Angiography of Individuals Undergoing Invasive Coronary Angiography) trial. ]
Am Coll Cardiol. 2008 Nov 18;52(21):1724-32.

14. Meijboom WB, Meijs MF, Schuijf ]D, Cramer M], Mollet NR, van Mieghem
CA, et al. Diagnostic accuracy of 64-slice computed tomography coronary
angiography: a prospective, multicenter, multivendor study. ] Am Coll Cardiol.
2008 Dec 16;52(25):2135-44.

15. Achenbach S, Ropers U, Kuettner A, Anders K, Pflederer T, Komatsu S, et
al. Randomized comparison of 64-slice single- and dual-source computed
tomography coronary angiography for the detection of coronary artery disease.
JACC Cardiovasc Imaging. 2008 Mar;1(2):177-86.

16. Achenbach S, Marwan M, Ropers D, Schepis T, Pflederer T, Anders K, et al.
Coronary computed tomography angiography with a consistent dose below 1
mSv using prospectively electrocardiogram-triggered high-pitch spiral
acquisition. Eur Heart . 2010 Feb;31(3):340-6.

17. Schuhbaeck A, Achenbach S, Layritz C, Eisentopf ], Hecker F, Pflederer T,
et al. Image quality of ultra-low radiation exposure coronary CT angiography
with an effective dose <0.1 mSv using high-pitch spiral acquisition and raw data-
based iterative reconstruction. Eur Radiol. 2013 Mar;23(3):597-606.

18. Dewey M, Zimmermann E, Deissenrieder F, Laule M, Dubel HP,
Schlattmann P, et al. Noninvasive coronary angiography by 320-row computed
tomography with lower radiation exposure and maintained diagnostic accuracy:
comparison of results with cardiac catheterization in a head-to-head pilot
investigation. Circulation. 2009 Sep 8;120(10):867-75.

19. Khan A, Khosa F, Nasir K, Yassin A, Clouse ME. Comparison of radiation
dose and image quality: 320-MDCT versus 64-MDCT coronary angiography. AJR
Am ] Roentgenol. 2011 Jul;197(1):163-8.

20.  Akosah KO, Schaper A, Cogbill C, Schoenfeld P. Preventing myocardial
infarction in the young adult in the first place: how do the National Cholesterol
Education Panel III guidelines perform? ] Am Coll Cardiol. 2003 May
7;41(9):1475-9.

21. Cannon CP, Braunwald E, McCabe CH, Rader D], Rouleau JL, Belder R, et al.
Intensive versus moderate lipid lowering with statins after acute coronary
syndromes. N Engl ] Med. 2004 Apr 8;350(15):1495-504.

22. Stone GW, Maehara A, Lansky A], de Bruyne B, Cristea E, Mintz GS, et al. A
prospective natural-history study of coronary atherosclerosis. N Engl ] Med.
2011 Jan 20;364(3):226-35.

23. Motoyama S, Sarai M, Harigaya H, Anno H, Inoue K, Hara T, et al.
Computed tomographic angiography characteristics of atherosclerotic plaques

334



Capitulo 9: Valor prognoéstico da angioTC cardiaca

subsequently resulting in acute coronary syndrome. ] Am Coll Cardiol. 2009 Jun
30;54(1):49-57.

24. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, Rumberger J, et al.
From vulnerable plaque to vulnerable patient: a call for new definitions and risk
assessment strategies: Part I. Circulation. 2003 Oct 7;108(14):1664-72.

25. De Araujo Goncalves P, Brito ], Sousa PJ, Carvalho MS, Dores H, Teles RC,
et al. Nonobstructive coronary disease leading to STEMI: assessment of residual
stenosis after thrombus aspiration. Coron Artery Dis. 2013 Mar;24(2):154-9.

26. Giroud D, Li JM, Urban P, Meier B, Rutishauer W. Relation of the site of
acute myocardial infarction to the most severe coronary arterial stenosis at prior
angiography. Am ] Cardiol. 1992 Mar 15;69(8):729-32.

27. Little WC, Constantinescu M, Applegate R], Kutcher MA, Burrows MT, Kahl
FR, et al. Can coronary angiography predict the site of a subsequent myocardial
infarction in patients with mild-to-moderate coronary artery disease?
Circulation. 1988 Nov;78(5 Pt 1):1157-66.

28.  Achenbach S. Anatomy meets function. Modeling coronary flow reserve
on the basis of coronary computed tomography angiography. ] Am Coll Cardiol.
2011 Nov 1;58(19):1998-2000.

29. de Araujo Goncalves P, Garcia-Garcia HM, Carvalho MS, Dores H, Sousa PJ,
Marques H, et al. Diabetes as an independent predictor of high atherosclerotic
burden assessed by coronary computed tomography angiography: the coronary
artery disease equivalent revisited. Int ] Cardiovasc Imaging. 2012 Dec 13.

30. Voros S, Rinehart S, Qian Z, Joshi P, Vazquez G, Fischer C, et al. Coronary
atherosclerosis imaging by coronary CT angiography: current status, correlation
with intravascular interrogation and meta-analysis. JACC Cardiovasc Imaging.
2011 May;4(5):537-48.

31. Hoffmann U, Moselewski F, Nieman K, Jang IK, Ferencik M, Rahman AM, et
al. Noninvasive assessment of plaque morphology and composition in culprit and
stable lesions in acute coronary syndrome and stable lesions in stable angina by
multidetector computed tomography. ] Am Coll Cardiol. 2006 Apr
18;47(8):1655-62.

32. Motoyama S, Kondo T, Sarai M, Sugiura A, Harigaya H, Sato T, et al.
Multislice computed tomographic characteristics of coronary lesions in acute
coronary syndromes. ] Am Coll Cardiol. 2007 Jul 24;50(4):319-26.

33. Kashiwagi M, Tanaka A, Kitabata H, Tsujioka H, Kataiwa H, Komukai K, et
al. Feasibility of noninvasive assessment of thin-cap fibroatheroma by
multidetector computed tomography. JACC Cardiovasc Imaging. 2009
Dec;2(12):1412-9.

34. Papadopoulou SL, Brugaletta S, Garcia-Garcia HM, Rossi A, Girasis C,
Dharampal AS, et al. Assessment of atherosclerotic plaques at coronary
bifurcations with multidetector computed tomography angiography and
intravascular ultrasound-virtual histology. Eur Heart ] Cardiovasc Imaging. 2012
Aug;13(8):635-42.

35. Prati F, Guagliumi G, Mintz GS, Costa M, Regar E, Akasaka T, et al. Expert
review document part 2: methodology, terminology and clinical applications of
optical coherence tomography for the assessment of interventional procedures.
Eur Heart]. 2012 Oct;33(20):2513-20.

36. Cademartiri F, Mollet NR, Runza G, Bruining N, Hamers R, Somers P, et al.
Influence of intracoronary attenuation on coronary plaque measurements using

335



Capitulo 9: Valor prognoéstico da angioTC cardiaca

multislice computed tomography: observations in an ex vivo model of coronary
computed tomography angiography. Eur Radiol. 2005 Jul;15(7):1426-31.

37. Cademartiri F, Runza G, Palumbo A, Maffei E, Martini C, McFadden E, et al.
Lumen enhancement influences absolute noncalcific plaque density on multislice
computed tomography coronary angiography: ex-vivo validation and in-vivo
demonstration. ] Cardiovasc Med (Hagerstown). 2010 May;11(5):337-44.

38. Leber AW, Becker A, Knez A, von Ziegler F, Sirol M, Nikolaou K, et al.
Accuracy of 64-slice computed tomography to classify and quantify plaque
volumes in the proximal coronary system: a comparative study using
intravascular ultrasound. ] Am Coll Cardiol. 2006 Feb 7;47(3):672-7.

39. Boogers M]J, Broersen A, van Velzen JE, de Graaf FR, El-Naggar HM,
Kitslaar PH, et al. Automated quantification of coronary plaque with computed
tomography: comparison with intravascular ultrasound using a dedicated
registration algorithm for fusion-based quantification. Eur Heart ]J. 2012
Apr;33(8):1007-16.

40. Pundziute G, Schuijf |D, Jukema JW, Boersma E, de Roos A, van der Wall
EE, et al. Prognostic value of multislice computed tomography coronary
angiography in patients with known or suspected coronary artery disease. ] Am
Coll Cardiol. 2007 Jan 2;49(1):62-70.

41. Min JK, Shaw L], Devereux RB, Okin PM, Weinsaft JW, Russo D], et al.
Prognostic value of multidetector coronary computed tomographic angiography
for prediction of all-cause mortality. ] Am Coll Cardiol. 2007 Sep 18;50(12):1161-
70.

42. Bamberg F, Sommer WH, Hoffmann V, Achenbach S, Nikolaou K, Conen D,
et al. Meta-analysis and systematic review of the long-term predictive value of
assessment of coronary atherosclerosis by contrast-enhanced coronary
computed tomography angiography. ] Am Coll Cardiol. 2011 Jun 14;57(24):2426-
36.

43, Hulten EA, Carbonaro S, Petrillo SP, Mitchell JD, Villines TC. Prognostic
value of cardiac computed tomography angiography: a systematic review and
meta-analysis. ] Am Coll Cardiol. 2011 Mar 8;57(10):1237-47.

44, Min JK, Dunning A, Lin FY, Achenbach S, Al-Mallah M, Budoff MJ, et al. Age-
and sex-related differences in all-cause mortality risk based on coronary
computed tomography angiography findings results from the International
Multicenter CONFIRM (Coronary CT Angiography Evaluation for Clinical
Outcomes: An International Multicenter Registry) of 23,854 patients without
known coronary artery disease. ] Am Coll Cardiol. 2011 Aug 16;58(8):849-60.

45. Chow BJ, Small G, Yam Y, Chen L, Achenbach S, Al-Mallah M, et al.
Incremental prognostic value of cardiac computed tomography in coronary
artery disease using CONFIRM: COroNary computed tomography angiography
evaluation for clinical outcomes: an InteRnational Multicenter registry. Circ
Cardiovasc Imaging. 2011 Sep;4(5):463-72.

46. van Werkhoven JM, Schuijf ]D, Gaemperli O, Jukema JW, Boersma E, Wijns
W, et al. Prognostic value of multislice computed tomography and gated single-
photon emission computed tomography in patients with suspected coronary
artery disease. ] Am Coll Cardiol. 2009 Feb 17;53(7):623-32.

47.  NICE clinical guideline 95. Chest pain of recent onset: assessment and
diagnosis of recent onset chest pain or discomfort of suspected cardiac origin.;

Available from: http://www.nice.org.uk/guidance/CG95.

336



48. Andreini D, Pontone G, Mushtaq S, Bartorelli AL, Bertella E, Antonioli L, et
al. A long-term prognostic value of coronary CT angiography in suspected
coronary artery disease. JACC Cardiovasc Imaging. 2012 Jul;5(7):690-701.

49.  Shaw LJ, Iskandrian AE. Prognostic value of gated myocardial perfusion
SPECT. ] Nucl Cardiol. 2004 Mar-Apr;11(2):171-85.

50. Metz LD, Beattie M, Hom R, Redberg RF, Grady D, Fleischmann KE. The
prognostic value of normal exercise myocardial perfusion imaging and exercise
echocardiography: a meta-analysis. ] Am Coll Cardiol. 2007 Jan 16;49(2):227-37.

337



338



Capitulo 10: Discussao, conclusdes e direc¢des para trabalhos futuros

Capitulo 10.

Discussao, conclusoes e direcg¢oes para trabalhos futuros

SUMARIO DO CAPITULO 10:

10.1 DISCUSSAO GLOBAL

10.2 CONCLUSOES

10.3 DIRECCOES PARA TRABALHOS FUTUROS

10.3 BIBLIOGRAFIA

339



Capitulo 10: Discussao, conclusdes e direc¢des para trabalhos futuros

340



Capitulo 10: Discussao, conclusdes e direc¢des para trabalhos futuros

10.1 DISCUSSAO GLOBAL

0 trabalho que foi desenvolvido no dmbito desta tese esteve assente em varios pressupostos de
epidemiologia e fisiopatologia da DC e do relativo contributo e respectivas limita¢des das
diferentes modalidades de diagndstico por imagem no estudo da DC, nomeadamente na

identificacdes dos doentes em risco de eventos coronarios:

1) Apesar de toda a evolugdo farmacoldgica e de meios complementares de diagnéstico possivel
nos ultimos anos, o EAM e a morte subita continuam a ser a primeira manifestagcdo da
aterosclerose corondria para muitos doentes. Muitos destes doentes ndo tinham sintomas
previamente ao evento e o seu risco CV era baixo, sendo dificeis de identificar clinicamente (1-3).
A justificacdo para esta discrepancia entre o risco por doente e o risco populacional resulta do
facto de a populagdo de risco CV moderado ou baixo ser muito superior a de risco elevado e

assim uma importante fatia dos eventos CV ocorre em individuos de menor risco relativo (4).

2) Os exames complementares de diagndstico tradicionalmente usados para avaliar a DC,
baseiam-se na documentagdo de isquémia, sendo esta a sua maior limitagido, uma vez que a sua
positividade exige a presenca de lesdes corondrias obstrutivas. Assim, estes exames ndo
permitem a avaliagdo da carga aterosclerética coronaria global e a detecgdo de lesdes coronaria
ndo obstrutivas, que se sabe estarem também implicadas na etiologia de eventos coronarios (5-

7).

3) Estudos de placa vulneravel com imagiologia intracorondria avancada, de elevada resolugio
espacial e suplementada por caracterizacdo tecidular - IVUS-VH - forneceram resultados
desapontadores acerca da possibilidade de identificacdo das placas vulneraveis. No estudo
PROSPECT (8), com esta avaliacdo invasiva e numa populacdo que ja tinha sofrido um SCA, foi
possivel identificar 3 caracteristicas de risco nas placas associadas ao desenvolvimento
subsequente de eventos corondrios. No entanto, mesmo pela conjugacdo dessas 3 variaveis, a
probabilidade de um evento coronario no seguimento médio de 3,4 anos foi de apenas 18,2%, ou
seja, cerca de 4 em cada 5 doentes que tem placas que relinem simultaneamente estas 3
caracteristicas de risco ndo vieram a sofrer qualquer evento. Neste trabalho considerado um
marco no estudo da histéria natural da DC, mesmo a identificagio de um TCFA teve uma baixa
especificidade para prever a ocorréncia de eventos, uma vez que apenas 26 das 595 placas
identificadas como de risco estiveram na origem de eventos. Por outro lado, a grande maioria dos
eventos verificados foram rehospitalizagdes por Al e novas revascularizacdes e nao os eventos
major que verdadeiramente gostariamos de poder prevenir, a morte e o EAM. Este ultimo
aspecto pode ter sido igualmente influenciado pelo facto de estes doentes estarem ja em
prevencao secundaria, com medicagdo que reconhecidamente reduz o seu risco (nomeadamente

antiagregacdo plaquetar e estatina) e com a habitual vigilancia apertada dos ensaios clinicos, o
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que pode ter contribuido para reduzir a taxa de eventos. De qualquer modo, este trabalho esta
em linha com o conceito de que apesar de o risco por placa poder ser superior para determinadas
lesGes que retinem estas caracteristicas de instabilidade, o risco final para o doente resulta da
probabilidade somada de todas as suas lesdes, sendo que quanto maior for a carga
ateroscler6tica maior serd o risco, conceito bem alicer¢cado por toda a evidéncia reunida ao longo

de varios anos sobre o valor progndstico do score de cdlcio (9-11).

4) Existe um contraste entre o risco absoluto por placa e a prevaléncia dos diferentes tipos
de placas. Apesar de o risco absoluto de instabilizagcdo por placa ser superior para placas mais
volumosas e obstrutivas (assumindo o mesmo nivel das restantes caracteristicas de risco,
nomeadamente o grau de inflama¢do e a espessura da capsula fibrosa), estas sdo menos
prevalentes do que as placas ndo obstrutivas e assim, por questdes probabilisticas, os eventos

corondrios resultam com frequéncia de instabilizagdo destas lesdes nao obstrutivas (12, 13).

A angio TC cardiaca é a mais recente técnica nio invasiva para o estudo da DC, tendo surgiu nos
ultimos anos fruto de importantes avangos tecnolégicos na tecnologia de TC multidetectores.
Desde o seu aparecimento, tem-se assistido a uma progressiva melhoria da resolugdo espacial e
temporal, contribuindo para uma evolucdo favoravel da qualidade dos exames, bem como uma
significativa reducdo da dose de radiagdo (14-16). A par desta evolugcdo tecnoldgica, foi
aumentando a experiéncia e gerada mais evidencia clinica, tornando a angio TC cardiaca numa
técnica cada vez mais robusta na avaliagdo da DC, sendo ja considerada o exame de eleicdo em
varias indica¢des e tendo vindo a aumentar progressivamente a sua aplicabilidade clinica e o

numero de indica¢des para a qual é considerada como apropriada (17, 18).

Para além de permitir excluir a presenca de DC e de identificar a presenca de estenoses
significativas, a angio TC cardiaca permite identificar ainda um 32 grupo de doentes com lesdes
corondrias ndo obstrutivas, caracteristica impar desta técnica como modalidade de imagem nio
invasiva. Ao permitir identificar a totalidade das lesdes aterosclerédticas (obstrutivas e nao
obstrutivas), a angio TC cardiaca podera fornecer uma quantificagdo da carga aterosclerética
corondria total, podendo essa identificacdo ser ttil na estratificacdo dos individuos em risco de
eventos corondrios. No entanto, dada a elevada prevaléncia de placas aterosclerédticas
identificaveis na arvore corondria por angio TC, que na maioria dos estudos corresponde a mais
de metade dos doentes (19, 20), torna-se importante desenvolver ferramentas que permitam
quantificar a carga aterosclerética corondria e assim identificar os individuos com maior carga
aterosclerotica que poderdo eventualmente beneficiar de medidas de preven¢do mais agressivas

(21).

342



Capitulo 10: Discussao, conclusdes e direc¢des para trabalhos futuros

A angio TC cardiaca, como modalidade ndo invasiva, tem ainda importantes limitacdes de
resolu¢do espacial para a avaliacdo detalhada das caracteristicas de potencial instabilidade de
uma placa em particular, nomeadamente ndo permitindo avaliar a espessura da capsula fibrosa
nem o grau de inflamag¢do, mas permite avaliar de modo ndo invasivo a carga aterosclerética
corondria global, incluindo as lesdes ndo obstrutivas. Esta identificacdo e quantificacdo da carga
aterosclerética podera ser mais importante para o desenvolvimento futuro de eventos do que as

potenciais caracteristicas de instabilidade de uma placa em particular.

A angio TC cardiaca, ao fornecer uma avaliagdo detalhada da arvore corondria, no que diz
respeito a presenca, localizagdo, grau de estenose e tipo de placa, podera dar informacdo acerca
do risco ndo apenas resultante de uma placa em particular, mas da totalidade da carga
ateroscleroética da arvore coronaria.

Assim, torna-se fundamental desenvolver e validar prospectivamente scores que integrem toda
esta informa¢do e permitam quantificar a carga aterosclerdtica corondria global que terdo
provavelmente uma boa correlacdo com o risco de eventos coronarios futuros. Este foi o

objectivo do desenvolvimento do CT-LeSc (22).

Por fim, o conceito de drvore corondria vulnerdvel podera ser mais importante do que o da
placa vulneravel e a sua identificagdo pela angio TC cardiaca podera ser importante numa
estratégia de preven¢do mais avancada. Esta poderd permitir personalizar as medidas de
prevengdo primdria, doseando melhor a sua intensidade em fun¢do da carga ateroscleroética,
podendo esta vir a constituir uma das mais importantes indica¢cdes da angio TC cardiaca no

futuro.
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10.2 CONCLUSOES

1. Foram identificados preditores demograficos e clinicos para uma elevada carga
ateroscleroética, avaliada pela angio TC cardiaca. A diabetes mellitus em particular foi um dos
preditores clinicos mais importantes, funcionando como modelo de DC mais avangada, util para

avaliar o desempenho dos diferentes indices de carga aterosclerética (artigo 16).

2. 0 desempenho destas variaveis demograficas e clinicas, mesmo quando agrupadas em scores
clinicos para prever a presenca e da gravidade da DC (obstrutiva e ndo obstrutiva) documentada
por angioTC cardiaca foi modesta. Entre os varios scores, o desempenho foi um pouco melhor
para o score de risco cardiovascular HeartScore. Estas limitacdes espelham a dificuldade de
prever apenas com base em variaveis clinicas, mesmo quando agrupadas em scores, a presenga e
extensdo da DC. Um dos factores de risco classicos, a obesidade, parece ter uma relagdo
paradoxal com a carga ateroscler6tica, o que pode justificar algumas limita¢des da estimativa

com base em scores clinicos (artigo 15).

3. Foi desenvolvido um indice de carga aterosclerética que retine a informacgao global acerca da
localizagdo, do grau de estenose e do tipo de placa, obtida ndo invasivamente pela angio TC
cardiaca (artigo 18). Este score podera vir a ser uma ferramenta ttil para quantificacdo da carga
ateroscleroética corondria sendo de esperar que possa traduzir a informagao prognéstica da angio
TC cardiaca, uma vez que a DC pode manifestar-se clinicamente mesmo na auséncia de lesdes
obstrutivas (artigo 1), numa fase em que ndo é expectavel que cause sintomas e em que é

silenciosa nos habituais exames de documentagdo de isquémia.
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10.3 DIRECCOES PARA TRABALHOS FUTUROS

1. Um dos objectivos centrais desta tese foi o desenvolvimento de um score que reflecte a carga
aterosclerotica corondria global, o CT-LeSc. Na nossa popula¢do foi possivel demonstrar uma
associacao significativa entre o CT-LeSc e reconhecidos factores de risco cardiovasculares como a
diabetes, cuja presenga de associou a uma probabilidade quase 3 vezes superior de um elevado
CT-LeSc. Por outro lado, também um elevado risco cardiovascular (estimado pelo Heartscore)
associou-se a uma probabilidade 2,5 vezes superior de se encontrar uma elevada carga
aterosclerotica traduzida por este indice.

No entanto, o CT-LeSc carece ainda de validacdo progndstica, antes da sua adop¢do na pratica
clinica. A sua validagdo como ferramenta para identificar os doentes em maior risco de eventos,
mesmo no subgrupo sem doenca corondria obstrutiva, devera idealmente ser feito numa
populagdo com um tempo de seguimento ndo muito curto e/ou com maior risco cardiovascular,
dada a baixa taxa de eventos observada nas populagdes de risco intermédio a baixo, tipicamente
referenciadas para angio TC cardiaca para exclusdao de doenga corondria. Este serd o préximo
passo, tendo ja sido desenvolvido algum trabalho nesta area por ligagdo a grupos internacionais

que fazem investigacdo nesta area.

2. Por fim, a identificagdo por angio TC cardiaca dos doentes com elevada carga aterosclerética
em maior risco de eventos coronarios e que assim poderdo beneficiar de uma prevencao
primaria mais agressiva, ird levar ao desafio de se desenvolver estratégias de preven¢do mais
avancadas.

Estas poderdo no futuro passar pela adopcdo de medidas ji& empregues em prevencdo
secundaria, nomeadamente pelo uso de dupla antiagregacdo plaquetar ou dos novos
antiagregantes mais potentes, ja validados no contexto de sindromes coronarios agudos (23, 24),
embora estas medidas tenham sempre de ser contrabalancadas pelo esperado aumento do risco
de complicagdes hemorragicas. Um abordagem alternativa e possivelmente mais segura podera
passar por uma terapéutica mais direccionada aos mecanismos do desenvolvimento da
aterosclerose. A medida que se conhece cada vez melhor a fisiopatologia da aterosclerose e o
papel central da inflamacgéo (5, 6, 25, 26), ndo sé na progressao destas lesdes mas sobretudo no
seu risco de instabilizacdo, novas estratégias direccionadas para estes mecanismos poderao vir a
ser empregues, estando ja alguns farmacos em fase de ensaios clinicos (27) .

Por outro lado, o paradigma de intervencdo na doeng¢a corondria poderd vir a mudar.
Actualmente a angioplastia no contexto de doeng¢a corondria estavel esta sobretudo indicada
para melhoria dos sintomas, podendo ter impacto prognostico favoravel quando realizada em
lesdes obstrutivas responsaveis por extensas dreas de isquémia (28). A intervencdo percutdnea
em lesdes ndo obstrutivas mas que apresentam outras caracteristicas de potencial instabilidade é
para ja uma hipétese tedrica, tendo duas limitacdes importantes: Em primeiro lugar, esta

limitada pela actual baixa especificidade na identificagdo nao invasiva (29) e mesmo invasiva (8),

347



Capitulo 10: Discussao, conclusdes e direc¢des para trabalhos futuros

das placas vulneraveis. Em segundo lugar, a intervencdo nesta lesdes tem que partir do
pressuposto de que a historia natural destas placas vulneraveis se associa a um risco de eventos
superior ao risco relacionados com a propria intervencao, estando assim intimamente ligada a
eficicia e seguranc¢a da proépria angioplastia. Nos ultimos anos tem-se assistido a avangos
tecnolégicos impressionantes na area da cardiologia de intervenc¢do, com redug¢des muito
significativas da taxa de restenose e mais recentemente também da taxa de trombose. O
desenvolvimento recente de stents absorviveis veio abrir um novo campo de possibilidades a
intervencdo percutanea e os impressionantes resultados experimentais e clinicos obtidos
poderdo levar a reequacionar as indicagcdes clinicas e contribuir para esta mudanca de

paradigma.

348



Capitulo 10: Discussao, conclusdes e direc¢des para trabalhos futuros

10.4 BIBLIOGRAFIA

1. Deo R, Albert CM. Epidemiology and genetics of sudden cardiac death. Circulation. 2012
Jan 31;125(4):620-37.

2. Akosah KO, Schaper A, Cogbill C, Schoenfeld P. Preventing myocardial infarction in the
young adult in the first place: how do the National Cholesterol Education Panel III guidelines
perform? ] Am Coll Cardiol. 2003 May 7;41(9):1475-9.

3. Moscoso Costa F AGP, Campante Teles R, Ferreira ], Carvalho MS, Dores H, Sousa P],
Raposo L, Sousa Almeida M, Mesquita Gabriel H, Mendes M. Baixo risco cardiovascular prévio
numa populacdo de EAM inaugural estimado pelo Heartscore. Rev Port Cardiol. 2012;31(Espec

Congr):189.

4, Braunwald E. Epilogue: what do clinicians expect from imagers? ] Am Coll Cardiol. 2006
Apr 18;47(8 Suppl):C101-3.

5. Arbab-Zadeh A, Nakano M, Virmani R, Fuster V. Acute coronary events. Circulation. 2012
Mar 6;125(9):1147-56.

6. Libby P. Mechanisms of acute coronary syndromes and their implications for therapy. N
Engl ] Med. 2013 May 23;368(21):2004-13.

7. De Araujo Goncalves P, Brito ], Sousa PJ], Carvalho MS, Dores H, Teles RC, et al.

Nonobstructive coronary disease leading to STEMI: assessment of residual stenosis after
thrombus aspiration. Coron Artery Dis. 2013 Mar;24(2):154-9.

8. Stone GW, Maehara A, Lansky A], de Bruyne B, Cristea E, Mintz GS, et al. A prospective
natural-history study of coronary atherosclerosis. N Engl ] Med. 2011 Jan 20;364(3):226-35.
9. Detrano R, Guerci AD, Carr J], Bild DE, Burke G, Folsom AR, et al. Coronary calcium as a

predictor of coronary events in four racial or ethnic groups. N Engl ] Med. 2008 Mar
27;358(13):1336-45.

10. Greenland P, Bonow RO, Brundage BH, Budoff M], Eisenberg M], Grundy SM, et al.
ACCF/AHA 2007 clinical expert consensus document on coronary artery calcium scoring by
computed tomography in global cardiovascular risk assessment and in evaluation of patients
with chest pain: a report of the American College of Cardiology Foundation Clinical Expert
Consensus Task Force (ACCF/AHA Writing Committee to Update the 2000 Expert Consensus
Document on Electron Beam Computed Tomography). Circulation. 2007 Jan 23;115(3):402-26.
11. Yeboah ], McClelland RL, Polonsky TS, Burke GL, Sibley CT, O'Leary D, et al. Comparison
of novel risk markers for improvement in cardiovascular risk assessment in intermediate-risk
individuals. JAMA. 2012 Aug 22;308(8):788-95.

12. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, Rumberger ], et al. From vulnerable
plaque to vulnerable patient: a call for new definitions and risk assessment strategies: Part I.
Circulation. 2003 Oct 7;108(14):1664-72.

13. Achenbach S. Anatomy meets function. Modeling coronary flow reserve on the basis of
coronary computed tomography angiography. ] Am Coll Cardiol. 2011 Nov 1;58(19):1998-2000.
14. Sousa PJ, Goncalves PA, Marques H, Raposo L, Cale R, Brito ], et al. Radiation in cardiac

CT: predictors of higher dose and its reduction over time. Rev Port Cardiol. 2010
Nov;29(11):1655-65.

15. Achenbach S, Marwan M, Ropers D, Schepis T, Pflederer T, Anders K, et al. Coronary
computed tomography angiography with a consistent dose below 1 mSv using prospectively
electrocardiogram-triggered high-pitch spiral acquisition. Eur Heart ]. 2010 Feb;31(3):340-6.

16. Schuhbaeck A, Achenbach S, Layritz C, Eisentopf ], Hecker F, Pflederer T, et al. Image
quality of ultra-low radiation exposure coronary CT angiography with an effective dose <0.1 mSv
using high-pitch spiral acquisition and raw data-based iterative reconstruction. Eur Radiol. 2013
Mar;23(3):597-606.

17. Taylor AJ], Cerqueira M, Hodgson JM, Mark D, Min ], O'Gara P, et al
ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/SCAI/SCMR 2010 appropriate use criteria for cardiac
computed tomography. A report of the American College of Cardiology Foundation Appropriate
Use Criteria Task Force, the Society of Cardiovascular Computed Tomography, the American
College of Radiology, the American Heart Association, the American Society of Echocardiography,
the American Society of Nuclear Cardiology, the North American Society for Cardiovascular
Imaging, the Society for Cardiovascular Angiography and Interventions, and the Society for
Cardiovascular Magnetic Resonance. ] Am Coll Cardiol. 2010 Nov 23;56(22):1864-94.

349



Capitulo 10: Discussao, conclusdes e direc¢des para trabalhos futuros

18. Goncalves Pde A, Marques H. Cardiac CT: the end of invasive coronary angiography as a
diagnostic procedure? Rev Port Cardiol. 2009 Jul-Aug;28(7-8):825-42.

19. Min JK, Dunning A, Lin FY, Achenbach S, Al-Mallah M, Budoff M], et al. Age- and sex-
related differences in all-cause mortality risk based on coronary computed tomography
angiography findings results from the International Multicenter CONFIRM (Coronary CT
Angiography Evaluation for Clinical Outcomes: An International Multicenter Registry) of 23,854
patients without known coronary artery disease. ] Am Coll Cardiol. 2011 Aug 16;58(8):849-60.
20. Pen A, Yam Y, Chen L, Dennie C, McPherson R, Chow BJ]. Discordance between
Framingham Risk Score and atherosclerotic plaque burden. Eur Heart ]. 2013 Apr;34(14):1075-
82.

21. de Araujo Goncalves P, Garcia-Garcia HM, Carvalho MS, Dores H, Sousa PJ, Marques H, et
al. Diabetes as an independent predictor of high atherosclerotic burden assessed by coronary
computed tomography angiography: the coronary artery disease equivalent revisited. Int ]
Cardiovasc Imaging. 2012 Dec 13.

22. de Araujo Goncalves P, Garcia-Garcia HM, Dores H, Carvalho MS, Jeronimo Sousa P,
Marques H, et al. Coronary computed tomography angiography-adapted Leaman score as a tool
to noninvasively quantify total coronary atherosclerotic burden. Int J Cardiovasc Imaging. 2013
May 1.

23. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, et al.
Prasugrel versus clopidogrel in patients with acute coronary syndromes. N Engl ] Med. 2007 Nov
15;357(20):2001-15.

24, Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, et al. Ticagrelor
versus clopidogrel in patients with acute coronary syndromes. N Engl ] Med. 2009 Sep
10;361(11):1045-57.

25. Collaboration IRGCERF, Sarwar N, Butterworth AS, Freitag DF, Gregson ], Willeit P, et al.
Interleukin-6 receptor pathways in coronary heart disease: a collaborative meta-analysis of 82
studies. Lancet. 2012 Mar 31;379(9822):1205-13.

26. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl | Med.
2005 Apr 21;352(16):1685-95.
27. van Diepen JA, Berbee JF, Havekes LM, Rensen PC. Interactions between inflammation

and lipid metabolism: Relevance for efficacy of anti-inflammatory drugs in the treatment of
atherosclerosis. Atherosclerosis. 2013 Jun;228(2):306-15.

28. Task Force on Myocardial Revascularization of the European Society of C, the European
Association for Cardio-Thoracic S, European Association for Percutaneous Cardiovascular I,
Wijns W, Kolh P, Danchin N, et al. Guidelines on myocardial revascularization. Eur Heart ]. 2010
Oct;31(20):2501-55.

29. Motoyama S, Sarai M, Harigaya H, Anno H, Inoue K, Hara T, et al. Computed tomographic
angiography characteristics of atherosclerotic plaques subsequently resulting in acute coronary
syndrome. ] Am Coll Cardiol. 2009 Jun 30;54(1):49-57.

350



Capitulo 10: Discussao, conclusdes e direc¢des para trabalhos futuros

All truth passes through three stages.
First, it is ridiculed.
Second, it is violently opposed.

Third, it is accepted as being self-evident.

Arthur Schopenhauer
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