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RESUMO

Este trabalho consiste na comparacdo de diferentes métodos de imagem utilizados na pratica
clinica para a detec¢do da doenga coronariana isquémica, umas das maiores causas de
mortalidade nos paises desenvolvidos, utilizando como base o estudo multicéntrico
Internacional, Core 64. Através de uma analise retrospectiva foram selecionados 63 pacientes de
um total de 405 do estudo principal Core 64 que tinham realizado, além da Tomografia
Computadorizada e da Cinecoronariografia, a Cintilografia de Perfusdo Miocardica com o
objetivo principal de avaliar a correlagdo anatomo-fisiologica entre os diferentes métodos de
imagem na avalia¢do da doenca coronariana de causa obstrutiva. Para isto, foram identificadas
através da avaliagdo anatOmica quantitativa, tanto pela tomografia quanto pela
cinecoronariografia, estenoses coronarianas causando obstru¢des entre 30 e 80% do limen
arterial e correlacionadas com a presenca de defeitos perfusionais quantificados pela cintilografia
de perfusdo miocardica equivalentes ao mesmo territdrio coronariano. Apods a andlise estatistica,
constatou-se que tanto a tomografia como a cinecoronariografia apresentam sensibilidade e
especificidade apenas moderadas para prognosticar as alteracdes perfusionais detectadas pela
cintilografia de perfusdo miocardica; no entanto, ambos os métodos sdo complementares e de
fundamental importancia na pratica clinica para o manejo diagnostico e terapéutico dos pacientes

portadores da doenca coronariana isquémica.

Palavras-chave: Tomografia Computadorizada de multiplos detectores, Cinecoronariografia,

Cintilografia de Perfusdao Miocardica, Doenga Arterial Coronariana.
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ABSTRACT

This work is related to a comparison between different modalities of imaging for the
detection of obstructive coronary artery disease causing myocardial ischemia, one of the
main cause of death in developed countries, using as base the multicenter trial Core 64. A
retrospective analysis was performed using a subgroup of 63 patients of a total of 405 to
evaluate the diagnostic accuracy of Multi-Detector Computed Tomography Angiography
(MDCTA) and Conventional Coronary Angiography in detecting myocardial ischemia
identified by Myocardial Perfusion Imaging (SPECT). Threshold of 30-80% of coronary
artery stenosis identified by MDCTA and conventional coronary angiography were setted
and correlated to the presence of myocardial ischemia of the same coronary artery
territory. After statistical analyses, a similar modest accuracy for quantitative coronary
arterial stenosis assessment by both QCTA and QCA for identifying patients with
myocardial perfusion were found; however either MDCTA, conventional coronary
angiography and SPECT are complementary methods and play an import roll not only

diagnosing but guiding clinical treatment in patients with coronary artery disease.

Keywords: Multi-Detector Computed Tomography Angiography, Conventional Coronary
Angiography, Myocardial Perfusion Imaging, Coronary Artery Disease
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1. INTRODUCAO

1.1 Doenca Arterial Coronariana (DAC)

A doenga arterial coronariana (DAC) caracteriza-se pela insuficiéncia de irrigacdo
sanguinea no coracdo, mais especificamente no miocérdio, que ¢ feita pelas artérias corondrias.
Estd diretamente relacionada ao grau de obstrucdo do fluxo sanguineo pelas placas
ateroscleroticas, resultando em estreitamento das artérias corondrias (estenose), o qual, devido a
reducdo do fluxo sanguineo coronariano, diminui a chegada do oxigénio ao miocardio causando
o processo de isquemia (1).

Dados da Organizagdo Mundial da Saude (OMS) revelam que a DAC ¢ a maior causa
global de morbi/mortalidade causando aproximadamente cerca de 7.000.000 obitos/ano (2). No
Brasil, segundo a Sintese de Indicadores Sociais de 2002, realizada pelo Instituto Brasileiro de
Geografia e Estatistica (IBGE), as doencas cardiovasculares se destacam como a principal causa
de mortes no Pais (28,8% para homens e 36,9% para mulheres), em todas as regides e estados
(3).

A realizagdo de seu diagnostico precoce ¢ de extrema importdncia uma vez que
propicia, em casos menos graves, adequadas medidas terap€uticas ndo invasivas e preventivas e,
nos casos mais graves, uma intervengdo curativa antes do desenvolvimento de complicacdes
como o infarto agudo do miocéardio.

Somente nos Estados Unidos, sdo atendidos nas salas de emergéncia dos hospitais,
aproximadamente 6.000.000 de pacientes por ano com suspeita de doenga arterial coronariana
isquémica, apresentada como infarto agudo do miocardio (4). Cerca de 1.000.000 desses
pacientes sdo diagnosticados como portadores de infarto agudo do miocérdio e perto de 11.000
pacientes por ano sdo inadequadamente dispensados do pronto-socorro, levando a indices de
mortalidade proximos a 25% (5).

A partir destes dados, verifica-se a importancia de se adotarem medidas preventivas
objetivando a redugdo de tdo desfavoravel realidade. Os mesmos demonstram a importancia e a
necessidade da realiza¢do de testes ndo invasivos nesses individuos, que permitam detectar a

presenca de doenca arterial corondria obstrutiva e, assim, encaminha-los ao devido tratamento.

11



1.2 Cinecoronariografia

A introducdo da cinecoronariografia na década de 60, ampliou os conhecimentos sobre
anatomia, fisiologia, fisiopatogenia, diagnostico e tratamento da doenga coronariana, sendo
reconhecida como método padrdo ouro na avaliagdo anatdmica da doenga coronariana de causa
obstrutiva (6), sendo dessa forma indispensavel no manejo terapéutico do paciente coronariano.

No entanto, nas ultimas décadas, a importancia do diagnostico da relevancia isquémica
das lesdes coronarianas tem se mostrado como um contraponto importante sobre a abordagem
anatomica.

Estudos recentes (7) revelam que a cinecoronariografia tem um beneficio terapéutico
maior quando realizada em pacientes portadores de doenca aterosclerdtica hemodinamicamente
significativa sendo, portanto, de fundamental importancia a sua utilizacdo nessa doenga. Ainda
ndo estd claro se a andlise anatomica das lesdes aterosclerdticas ¢ capaz de prognosticar a
relevancia hemodindmica dessas lesdes, mas sabemos, por exemplo, que a avaliagdo anatdmica
intraluminal através do ultrassom intracoronario (IVUS) tem uma boa correlagdo com a
avaliagdo hemodinamica através da andlise do fluxo de reserva coronariano (CFR) (8). Por outro
lado, a angiografia convencional quantitativa (QCA) tem uma fraca correlagdo com a anélise de
fluxo de reserva fracional (FFR) provavelmente por suas limitagdes na andlise da complexa
geometria luminal coronariana (9-12).

Portanto, novos estudos tornam-se indispensaveis para um melhor entendimento dessa
correlacdo anatomofisiologica trazendo dessa forma um maior beneficio clinico na conduta

terap€utica dos pacientes coronarianos.
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1.3 Cintilografia de Perfusio Miocardica

Desde sua introdug¢do na pratica clinica, em 1964, e até mais recentemente (13), a
Cintilografia de Perfusdo Miocardica (CPM) ¢ considerada indicagdo prioritaria para pacientes
com suspeita de DAC, sendo preferencialmente associada ao estresse, fisico ou farmacologico.
Segundo a I Diretriz da Sociedade Brasileira de Cardiologia sobre Cardiologia Nuclear (14), a
CPM ¢ especialmente indicada em pacientes nos quais haja dificuldades para a interpretagdo
adequada do eletrocardiograma (ECG) de esfor¢co. Em busca de aprimorar a definicdo desse
método ndo invasivo, foram introduzidos, na pratica clinica, programas de computador que
permitiram a realizagdo da CPM em cortes tomograficos (15), incrementando a capacidade de
identificar doenca corondria em nimeros superiores a 90% dos casos. Isto transformou a CPM
no método ndo invasivo mais sensivel (16), apresentando especificidade de 93% (17) sendo,
desta forma, reconhecido como método padrdo ouro para a avaliacdo da isquemia miocardica
causada pela DAC. Possibilita o diagndstico e manejo de pacientes sintomaticos e pacientes de
risco intermediario, com teste de esfor¢o duvidoso, na suspeita de infarto do miocardio (18),
reduzindo assim os indices de morbi/mortalidade dessa doenca. No entanto, estudos recentes (17)
demonstram que a sua correlacdo anitomo-funcional com a lesdo estendtica nem sempre ¢

possivel, resultando em muitos casos, em divergéncias no manejo clinico desses pacientes.
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1.4 Tomografia Computadorizada de Multiplos Detectores

A tomografia computadorizada de multiplos detectores (TCMD) ¢ um excelente método
no diagndstico anatomico das doengas coronarianas obstrutivas, mostrando alta acuracia na
detec¢do de placas aterosclerdticas calcificadas e lipidicas e na identificagdo da obstrucdo do
limen arterial causada por estas lesdes (19-20). Porém, ndo esté claro na literatura o quanto esse
método ¢ capaz de prever o grau de isquemia miocardica detectavel pela cintilografia
miocardica.

Recentes estudos (21-22) utilizando a tomografia computadorizada de 64 detectores,
indicaram que a tomografia ¢ um método mais acurado que a angiografia convencional para
excluir significantes defeitos perfusionais diagnosticados por CPM.

Além disso, a angiotomografia coronariana compartilha algumas das habilidades da
andlise intraluminal do ultrassom intravascular, por exemplo, permitindo a andlise luminal
segmentar em cortes bi e tridimensionais, aferindo de forma acurada as dimensdes luminais em
diferentes planos de orientagdo (Axial, sagital, coronal etc.) De fato, quando comparados com o
ultrassom intravascular, as medidas do limen realizadas pela tomografia tém uma melhor
concordancia do que as medidas realizadas através da cinecoronariografia (23).

Um estudo recente (24) utilizando andlise através de phantom demonstrou que a
angiotomografia quantifica melhor o grau de estenose do limen coronariano do que a
cinecoronariografia em casos de limens com a geometria ndo circular. Outros dois estudos
demonstraram que, quando comparadas, a tomografia e a cinecoronariografia possuem um
acurdcia similar (25-26) na avaliacdo da estenose luminal correlacionada com a predi¢dao de
alteracdes hemodinamicas diagnosticadas pela andlise da reserva de fluxo fracional (FFR). No
entanto, esses estudos utilizaram um método semiquantitativo na identificacdo da estenose
coronariana pela tomografia, possivelmente limitando a quantifica¢do das alteragdes anatdmicas
correlacionadas com a restricao de fluxo coronariano.

Portanto, a tomografia computadorizada de multiplos canais ¢ um excelente método ndo
invasivo para a avaliagdo e quantificacdo da DAC, porém, a sua correlagdo hemodinamica com
os métodos utilizados no manejo clinico dos pacientes portadores desta doenga ainda requer

maiores investigagoes.
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1.5 Estudo Multicéntrico Internacional Core 64

O Core 64 foi um estudo prospectivo, multicéntrico envolvendo nove hospitais em sete
paises (3 hospitais nos Estados Unidos e 1 em cada um dos seguintes paises: Brasil, Canada,
Singapura, Japao, Alemanha e Holanda). Nesse estudo, foi realizada uma avalia¢do das doencas
arteriais coronarianas pela TCMD com 64 canais, com o objetivo de detectar lesdes
ateroscleroticas que levam a estenose coronariana, usando a cinecoronariografia como “padrao-
ouro”. Também foram realizados em um grupo de pacientes e anteriormente a tomografia,
estudos de CPM. Todos os centros receberam aprovagdo dos seus respectivos comités de ética
locais assim como todos os pacientes assinaram um consentimento concordando com a
realizagdo do estudo. O projeto do Core 64 foi estruturado por um comité interno e os
patrocinadores desse projeto ndo estiveram envolvidos em nenhuma etapa do estudo como

estruturacao, aquisi¢do, analises de dados e preparagdo do manuscrito.
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1.6 Correlagao entre TCMD com 64 Canais, Angiografia Convencional e CPM na Detecc¢iao

da Doenca Arterial Coronariana Isquémica

Com o desenvolvimento de novos métodos diagnosticos nao invasivos como a TCMD e
a CPM, tornou-se possivel a realizagdo de um diagndstico acurado das doengas obstrutivas
arteriais coronarianas, sem muitas vezes, a necessidade da realizagdo de procedimentos invasivos
como a cinecoronariografia. Recentes publicagdes (19-20) avaliaram a acuracia da tomografia
computadorizada de 64 canais de detectores na deteccdo de estenose coronariana usando a
cinecoronariografia como método de referéncia, e revelaram altos valores de sensibilidade (85%-
100%) e especificidade (90%-96%). Contudo, esses dois métodos diagndsticos, apesar de
mostrarem alta acurdcia na avaliagdo anatomica da estenose coronariana, deixam a desejar
quanto a quantificacdo do déficit perfusional miocardico, ndo sendo possivel ser feita uma
adequada correlacdo anatomo-funcional da regido isquémica afetada pela obstrugdo arterial. A
CPM ¢ um método ndo invasivo que permite a deteccdo das doencas obstrutivas coronarianas
(18). Além disso, possibilita a avaliacdo funcional em nivel celular do territério afetado, trazendo
importantes informagdes na estratificacdo de risco do paciente (27). Desse modo, neste estudo
procurou-se utilizar dados do estudo multicéntrico Core 64 para comparar a acuracia da
tomografia computadorizada de 64 canais de detectores, da angiografia convencional e da CPM
na detec¢cdo da DAC isquémica, assim como definir a correlacdo anatomo-funcional entre os trés
métodos.

Sendo assim, o presente estudo compara métodos ndo invasivos (TCMD e CPM) com
um método invasivo (cinecoronariografia) na deteccdo da DAC. A tendéncia da medicina
moderna ¢ realizar diagndsticos de uma forma cada vez menos invasiva, proporcionando assim,
menores riscos relativos ao procedimento, aumento da eficiéncia terapéutica pelo diagnostico

precoce da DAC e um melhor manejo clinico dos pacientes portadores dessa doenga.
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1.7 Perspectivas futuras no diagnéstico da doenca arterial coronariana isquémica

Durante as tltimas décadas houve uma rapida evolugao no diagnostico da DAC. Com o advento
da TCMD na primeira década do século XXI, tornou-se possivel, pela primeira vez na medicina,
a realizagdo de um diagndstico anatdmico ndo invasivo e acurado dessa doenca. Nos anos
subsequentes, com o aperfeicoamento tecnologico através do incremento das resolugdes espacial
e temporal na aquisi¢ao das imagens, foi possivel realizar um diagnostico que vai além da mera
luminologia. Agora, além de quantificar o grau de reducdo da luz das artérias, ¢ possivel fazer
uma analise dos componentes das placas aterosclerdticas que causam obstrucdo das corondrias
levando a isquemia. Em paralelo, métodos diagnosticos ja consagrados em relagdo a anélise
funcional, como a CPM e o ecocardiograma de stress, reforcavam cada vez mais a sua
importancia na pratica clinica como diagndstico complementar a avaliagdo anatomica,
possibilitando-se, dessa forma, avaliar a repercussdo hemodinamica da obstrugdo coronariana
evidenciada pela tomografia computadorizada ou pela cinecoronariografia. No entanto, como foi
demonstrado neste estudo, os métodos anatdomicos e funcionais apesar de serem complementares
no diagnostico da DAC trazendo importantes informagdes clinicas, possuem uma acuracia
apenas moderada quando utilizados em conjunto para avaliar a repercussao anatomo-funcional
da lesdo coronariana. Como tentativa de aumentar a acuracia diagnostica desenvolveu-se nos
ultimos anos novos métodos que visam a realizar o diagnostico anatomo-funcional acurado das
lesdes em um tnico exame. O estudo da perfusdo miocérdica feito pela propria tomografia
computadorizada vem sendo uma das grandes promessas em relag@o a esta nova perspectiva. Um
recente estudo publicado por Rochite et al (28), revela que a adi¢do da perfusdo miocardica ao
protocolo de tomografia coronariana aumenta a acuracia do método na detec¢do da relevancia
hemodinamica da lesdao. Um outro método promissor que vem sendo cada vez mais utilizado em
diversas partes do mundo ¢ o PET-CT. Di Carli et al (29) demonstraram através de uma revisao
da literatura que a utilizag¢do dessa tecnologia revela-se muito promissora no diagnostico da
relevancia isquémica das lesdes obstrutivas através da andlise da perfusdo e do metabolismo
miocardicos, vindo a ser uma das grandes promessas na avaliagdo anatomo-funcional da DAC.
Finalmente, uma nova tecnologia revelada recentemente, o Fluxo de Reserva Fraccional (FFR)
vem a ser outra grande promessa na busca do diagnostico anatomo-funcional realizado pela
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tomografia cardiaca. Um estudo publicado por Min e Berman et al (30) revelou que, comparado
ao diagnostico anatdmico usual realizado através da tomografia coronariana , a adi¢do do FFR ao
exame possibilita um aumento de duas vezes na sua acuricia na detec¢do da relevancia

isquémica de lesdes causando estenoses coronarianas moderadas.

Novas tecnologias e estudos continuam a ser desenvolvidos visando realizar um diagnostico cada
vez menos invasivo e acurado da doenca arterial coronariana isquémica, possibilitando dessa

forma, a prevenc¢ao de uma das maiores causas de morte nos paises desenvolvidos.
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2. OBJETIVOS

2.1 Avaliar a sensibilidade e a especificidade da angiotomografia e da cinecoronariografia para
identificar pacientes com isquemia miocardica detectada pela cintilografia de perfusdo
miocardica.

2.2 Comparar a analise quantitativa da angiotomografia com a da cinecoronariografia na
identificacdo de pacientes com anormalidades perfusionais demonstradas pela cintilografia de

perfusdo miocardica.

2.3 Avaliar a correlagdo anatomo-funcional entre os diferentes métodos de imagem.
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ORIGINAL ARTICLE

Quantitative coronary arterial stenosis
assessment by multidetector CT and invasive
coronary angiography for identifying patients
with myocardial perfusion abnormalities

G. K. Godoy, MD,™® A, Vavere, MS, MPH," |. M. Miller, MD," H. Chahal, MD*
H. Niinuma, MD, PhD,® P. Lemos, MD, |. Hoe, MD,® N. Paul, MD,® M. E. Clouse,
MD," C. D. Ramos, MD# |. A. Lima, MD,* and A. Arbab-Zadeh, MD, PhD"

Backpround, Semi-quantitative stenosis assessment by coronary CT angiopraphy only
modestly predicts stress-induced myocardial perfusion abnormalities. The performance of
guantitative CT angiopraphy (QCTA) for identifying patients with myocardial perfusion
defects remaing unclear.

Methods, CorE-64 is a multicenter, international study to assess the accuracy of 6d-glice
QCTA for detecting =50% coronary arterial stenoses by guantilative coronary angiography
(QCA). Patients referred for cardiac catheterization with suspecied or Known coronary arfery
disease were enrolled. Ares under the receiver-operating-characteristic curve (AUC) was used
to evaluate the diagnostic accuracy of the most severe coronary artery stenosis in a subset of 63
paticnis assessed by (QCTA and QUCA for detecting myocardial perfusion abnormalities on
exercise or pharmacologic siress SPECT.

Resulis. Diagnostic accuracy of CTA for identifying patienis with myocardial perfusion
abnormalities by SPECT revealed an AUC of 0.7 compared to 0.72 by QCA (P = 751 AUC
did not improve alter excluding studies with fxed myocardial pecfusion abnormalities and total
coronary arlerial ocelusions. Oplimal stenosis threshold for QCTA was 43% vielding a sensi-
tivity of 0.B1 and specificity of 0.50, respectively, compared to 0.75 and .69 by QCA atl a
threshold of 59%. Sensitivity and specificity of QCTA to identify paticnts with both obstiructive
lesions and myocardial perfusion defects were 0.94 and 0.77, respeetively.

Conclusions, Coronary arlery stenosis assessment by QCTA or QCA only modestly pre-
dicts the presence and the absence of myocardial perfusion abnormalitics by SPECT.
Confounding variables affeeting the relationship between coronary anatomy and myocardial
perfusion likely account for some of the observed discrepancies between coronary angiography
and SPECT results. (J Nucl Cardiol 2012)

Key Words: CT angiography - SPECT » myocardial ischemia = cardiac computed
tomography
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INTRODUCTION

CT coronary anglography accurstely identifies
patients  with  obstructive  comonary  artery  disgase
(CADY' Since percutineous coronary  inlervention
appears o be most beneficial in hemodynamically
sipmficant coronary arterial stenoses, identifying such
lesions as opposed o merely obsiructive stenoses may
be mare desirable,” 1f anatomic assessment of athero-
sclerotic lesions is capable of predicting hemodynamic
sigmificance pemains controversial. In support of this
notion, intravasculsr ultrasound {IVUS) assessment of
lumen obsiruction comelates well with hemodynamic
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evaluation by corvnary fow reserve.” Conventional
quintitative coronary angiography (QCA), on the other
hand, correlates poorly with fractional low reserve (FER)
possibly because of its known limitations in accurately
assessing complex lumen geometry.™ CT angiography
shares some of the favomable features of IVLS, ie,
allowing cross-sectional lumen analysis, and thus, may be
similarly positioned to accurately assess luminal dimen-
sions. Indeed when compared to IVUS, lumen area
measurements by CT sgreed better than those by QCAY
Werecently showed that CT angiography mose accurately
quantifies lumen diameter stenosis than QCA in phantom
vessels with non-circular gn:um:l:y.a Tel in two studies,
CT aszessment of lumen slenoses wis ool mon: accurate
than QCA in predicting hemodynamic significance by
FPR."™! These investigations, however, were conducted
using semi-quantitative CT stenosis assessment possibly
limating the identification of an anatomical threshold that
best predicts blood Now restietion, Accordingly, the
purpose of this study was W use guantitative CT angiog-
raphy (QCTA) for coronary artery slenosis assessment in
comparison to QCA for identifying patients with myo-
cardial perfesion abnormalities,

METHODS

Study Design

The Coropnary Artery Evaluation Using 64-Row (CorE-
&4y Multi-Dretector Computed Tomography Angiography study
is a prospective, multicenter study performed at nine hospitals
in seven countries to evalozie the diagnostic accuracy of
QUTA for detecting coronary artery stenoscs in paticnts with
suspecicd  obstructive CAD.? Al centers received study
approval from their local institutional review boards, and all
patients pave written informed consent. In s sabset of 63
patients, clinically driven myocardial stress perfusion stodies
were pecformed prior o CTA and conventional coronary
angiography. which represents the stody population for this
imvestigation.

Patlent Population

The patient populazion of the CorE-64 international study
has been described in detail elsewhere.'” In brief, 405 study
participants were selected for the smdy according o the
following criteria: patients who are at least 40 years of age,
with symptoms of relevant CAD and indication for conven-
tiomal cosonary angiography. Patienis were pot eligible if they
had history of cardiac surgery, allerpy 1o indinated contrast ar
contrast induced nephropathy, multiple myeloma, organ trans-
plantation, renal insufficiency, atrial fibzillation, New York
Hean Associntion class IIT or IV heart failure, aortic stenosis,
percutancols cornary intervention within the past & months,
inolerance o beta-blockers. or a body-mass index of moee
than 40, Patients with Agatston caleinm scores of 600 or
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greater were prespecified to be excluded from the primmary
analvsis of the CorE-54 study but were included for secondary
aralyses performed identically to the main cohor Thus, in
contrast to the main study cohort, patients with calciom score
of 600 and preater were incladed in this investigation. (4 the
entire CorE-64 cohor, the patient popalation for this inves-
tigation consists of &3 patients who undecwent clinically driven
nuclear stress perfusion imaging pries o CT imaging.

Image Acquisition and Data Analysis
by 64-Row CTA

Methods applied in the CorE-64 stody have been described
in detail elsewhere. ' In hrief, patient= underwent two multide-
tector T tests {coronary calcium scoring and angiography)
using Gd-row scanners with a slice thickness of 0.5 mm
(Aguilion, Toshiba Medical Systems). Calcium scoring was
perfoemed with the use of prospective electrocardiographic
(BCG) gating with 400 milliseconds pantry rotation, 120-kV
tube voltage, and 300-mA tube current. Total calcium score was
determined by the Apatston method. For CT angiography,
retrospective EOG gating was wsed, with heart rate-adjusted
gantry rotations of 350-5000 ms 1o cnable adaptive multiseg-
mented reconstruction. Sublingual nitrates were given before CT
angiography. lopamidol {Isovae 370, Bracco Dizpnostics) was
the intravenous contrast medium wsed for this study. Beta-
biockers were given if the resting heart rate was above 70 beats
per minote. Raw image duta sets from all scquisitions were
analyzed by an independent core laboratory. Using a modified
29- 1o 19-zcgment reduced coronary artery scgmentation, * two
expericnced independent observers, who were blinded to all
clinical and stress testing findings, visually assessed each of 19
non-stented segments that were 1.5 mm or more in diameter, for
the presence of a stenosis of 30% or greater. Then, segments with
at least one visible swenosis of 30% or more were manaally
guantificd with the vse of commercially available software
(Vitrea2 version 3.9.0.1, Vital Images). For this purpose, readess
used electronic calipers andfor semi-automatic coronary arery
lumen contour detection (Surcplague from Vital Imapges)
(Figure 1} for identifying the minimum lomen diameter and
proximal and distal disease-free reference sites for each lumen
stenosis. " Both the caliper ool and the semi-automatic
arterial contour detection algorithms were used in longitudinal
as well as cross-sectional projections at the discretion of the
readers. Resultant percent diameter stencses were averaged for
the two readers, Intes-reader visual and quantitative differences
exceading 50% were resolved by a third observer.

Image Acquisition and Data Analysls by
Conventlonal Coronary Anglography

Conventionzl coronary angiography was performed no
tnter than 30 days after CT angiography using conventional
techpigues of QCA. All coronary segments with 1.5 mm or
more in diameter were analyzed visually and guantitatively
using the classification of a 2%-segment standard madel
which was condensed to 19 segments for the equivalence of the
number of coronary segments used in evaluation by CT.
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Fipore 1. Example of coropary arterial lumen stenosis guantification by QCTA with the aid of
semi-astomated lumen contour detection (Sureplague, Wital Images). On the left side, a three-
dimensional reconstruction of the heart is seen with the coropary antery stenosis indicated in the
mid-portion of the [eft anterior descending coronary artery. On the right side, cross-sectional and
longitudinal images of carved multiplanar reformations are shown, demonstrating contour tracing
of a severc (82%) lumen stenosis.

Evaluation by QCA was performed by pao experienced readers
blinded o the results of CT wnd SPECT using the software
{CAAS 11 version 2.0.1 Research QCA, Pie Medical Imaging)
in ail coronary segments revealing dinmeter stenoses of 305 or
greater by visual inspection.

Image Acquisition and Data Analysis by
Myocardial Perfusion Imaging (SPECT)

All SPECT studies were performed and inzerpreted at the
CorE-64 study sites according to the standards recommended by
the American Society of Nuclens Cardiclogy.'™ Myocardial
perfusion imaging stedies were performed wsing 1- or 2-day
protocols with either pharmacological agents (dipyridamole,
sdenosine, or dobutarnine) or excreise stress. The radiotracers
utilized were 99mTe-sestamibi, 9¥9mTe-tetrofosmin, and thal-
linm-20] at doses from 2 to 3 mCi for thaliinm-200, 7w 10 mCi
for $9mTe-sestamibi or 99mTe-tetrofosmin at rest and about
three times more (21 to 30 mCi) of radiotracers in the last stress
stage. Omly one paticnt underwent myocardial perfusion using a
dual-isotope prowecol with the inravenous administrasion of
thallium-20! dering rest and 99mTe-setamibi during the sress
stape. Standard perfusion stages of rest end stress wene
performed at baseline and with exercise or pharmacological
stress. Myocandial perfusion was visually evaloated by the
attending physician at the study sites. Assessment for myocar-
dial perfusion abnormalities was performed based on the
intengity of tracer uplake compared to a normal reference
segment and based on the size of the affected myocardium area
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in-relation o the entire myocardivm. Perfusion abnormalities
were graded for size and intensity a5 mild, moderate, and large
and allocated to o myocardial region as recommended by the
American Sociéty of Cardinlogy.'” Valideted myocardial per-
fusion guantitation software, e.g., QPS (Cedars-Sinai Medical
Center. Los Anpeles, CA) was used at the disceetion of the
attending physicianat swdy sites. A perfusion defect was defined
as peversible if the change in regional activity was not evident on
rest images. Results were sent 1o the CorE-64 core laboratory for
analysis and comparison with QUTA and QCA.

Statistical Analysis

Statistical analyses were performed with Stata Statistical
Sofvware (Release 1000, Stata Corporation, College Station,
TH, 2007). To evaluate the diagnostic performance of coronary
artery stenosis asscesment by QCTA for identifying patients
with myocardial perfusion defects (reference standard), we
performed 8 patient-based receiver-operating-chamcteristic
(ROCY curve as the measure of diagnostic accuracy. ROC
analysis was applied to compare the diagnostic performance of
QCTA and conventiona] angiography {using the threshold for
significant coronary stenoses as the variable parameter) for
identifying patients with perfusion defects by comparing the
respective arcas upnder the ROC curve (AUCE). Optimal
performance wae defined as disgnostic accuracy that yielded
& balance of high scnsitivity and specificity for a given
threshold. Univarizble logistic regression analysis was used to
compare the findings from QCTA and QCA with the
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Table 1. Patient characteristics

Age-mean (50]

Gender
Female (%)
Male [%}

Smoking (%)
Current
Former
Mever

Body Mass Index [5)

=25

25-30

30-39

40
Hypertension {3)
Dyslipidemia (%)

Family history of premature CAD (%)

Diabetes mellitus
Previous ML

SPECT exam parameters
Exercise stress (%)

Pharmacological stress (%)

62.3 292

21 (13/63)
79 [50/63)

5 {03/63)
49 {31/63)
a6 [29/63)

27 (17/63)
38 [24/63)
32 [20/63)
3 (02/63)

73 [46/63)
79 (50/63)
33 [21/63)
30 {19/63)
20(13/63)

75 (47/63)
25 [16/63)

Dara presented as mean = standard dewlation {50} or

percentage.

CAD, Coronary artery disease,

Journal of Muclear Cardiolugy

myocardial perfusion imapging results. The regression results
are presented as odds ratios and their respective 95% Cls. All
teats were two-tailed, the significance threshold was P = 05,
and confidence intervals were 95%.

RESULTS

Patient Characteristics

The demographic characteristics of the sudy pop-
ulation are presented in Table |. The mean age of the
participants was 62.3 (+£9.2) years and 79% were men.
SPECT studies were performed using exercise siress in
75% of the participants while the remaining 25%
received pharmacological stressivasodilators. Fourteen
of the 63 study subjects had a calcium score of 600 or
greater. The median calcium score was 221 {inlerguasr-
tile pange 36-478) The flow chart of pattent enrcliment
and results is presented in Figure 2.

Dlagnostic Accuracy of QCTA for Detecting
Myocardial Perfuslon Defects Using
Predefined Stenosis Thresholds

Table 2 describes the diagnostic accuracy of cofo-
nary arery slenosis assessment by QCTA w identify

405 Patients Consented

——3{ 34 Exclusions for Protocol Devistions |

371 Patients Eligible

]

_g.l_:.,ua Exclusions for no SPECT Imqin.t—l

4

BAEligible Patients with complete

T, OCA, SPECT imaging

N=16, SPECT M=47, SPECT W=23, CTA M=40, CTA K=21.0CA N=42, CCA
Marmal Abnormal «<50% Sonosis | 250% Stenosis <50 Stenosis | 250% Stencsls
MN=39 N=8 N=34 N=k N 20 Ne22
Reveriible Flued & EO-80% 100% 50.00%, 100%
only Raversible Senosiy Stenosis Stenosis Stenosis

Fipore 2. Flow chan of patient enrollment and results.
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Table 2. Diagnostic accuracy of QCTA for identifying patients with any perfuslon defects by SPECT

Stenosis

thresholds CTA-30% CTA-40% CTA-50% CTA-60% CTA-T0% CTA-80%
Sensitivity 87.2 B3.0 70.2 H6.0 51.1 36.2
Specificity 375 438 56.3 688 B3 875
PLR 1.40 1.48 1.60 Z11 272 2.89
MLR 0.34 0.39 0.53 0.50 0.60 073
PPV 80.4 81.3 B2.5 B6.1 B89 BO.5
MPY 50.0 46.7 19,1 407 6.1 il.B

Disease prevalence by SPECT was Td.6%.
QCA, Quantitative coronary anglography: QCTA, quantitative CT angiography: PLE, positive likellhood ratio: NLR, negative like-
lihood ratio; PPV, positive predictive value; NPV, negative predictive value,

Table 3. Diagnostic accuracy of QCA and QCTA for identifying patents with only reversible perfusion
defects by SPECT

Stenosis

thresholds QCA-50% QCA-TO0% CT-50% CT-T0%
Sensitvity FE X G6.7 71.8 S56.4
Specificity 45.8 54.2 50.0 T9.2
PFLR 1.37 1.45 1.4 2.71
MLR 0.56 .62 0.5& 0.55
PRy 69.0 70.3 0.0 B1.5
MPY 52.49 50.0 52.2 52.8

Disease prevalence by SPECT was 61.9%.
OCA, Quantitative coronary anglography: QCTA, guantitative CT anglography: PLE. positive likelihood ratio; NLR. negative like-
lihood ratio: APV, positve predictive value: NPV, negative predictive value,

patients with any myocardial perfusion defects by For a 50% stenosis threshold, sensitivity, specificity,
SPECT. For a stenosis of >50% by QCTA, sensitivity PPV, and NPV wen: 74.5, 56.3, 833, and 42.9%. Fora
and specificity o identify patients with SPECT perfu- 0% threshold, sensilivity, specificity, PPV, and NPV
sion  defects were 702 and 56.3%. The positive for QCA were 6B.1, 68.B, 86.5, and 42.3%. For only
predictive values (PPY) and negative predictive values reversible defects (Table 3], sensitivity, specificity,

(NPV) were B2.5 and 39.1%, respectively, For a 70% PPV, and NFV ol 50% QCA threshold were 744,
stenosis threshold by QCTA, sensitivity, specificity, 458, 690, and 52.4% and st 0% QCA threshold,
PPV, and NPV were 51.1, B1.3, B39, and 36.1%, sensilivily, speciiicity, PPV, and NPV were 667, 54.2,
respectively. Considering only reversible defects (dis- 70.3, and 50.0% .

ease prevalence 61.9%), sensitivity, specificity, PPV,
and NPV at 50 and T0% thresholds by QCTA were 71 .8,
5000, 70.0, 52.2% and 564, 79.2, 81,5, 52.8% respec-
tively (Table 2}

Quantitative Stenosls Assessment by QCA
and QCTA for Identifying Patients with
Myocardial Perfusion Abnormalities

Acouracy of gquantitative coronary artery Senosis

Bingoastic. Acemmny b GCA for DEociing assessment by QCTA and QCA for identifying patients
Myocardial Perfusion Defects Using th cardial perfusion defects by SPECT

Predefined Stenosis Thresholds e T SR e i

sented in Figure 3. Area under the ROC curve was 0,71

Table 4 presents the diagnostic sccuracy of coro- (0.54-0.87) for QCTA and for QCA was (.72 (0.59-

nary artery stenosis assessment by QCA for identifying 0LET) (P = 75). Optimal diagnostic sccuracy for QCTA

patients with myocerdial perfusion defects by SPECT. was found al 4 stenosis threshold of 43% vielding o
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Table 4. Diagnostic accuracy of QCA for Identifying patients with any perfusion defects by S5PECT

Stenosis

thresholds QCA-30% QCA-40% QCA-50% QCA-G0% QCA-TO% QCA-80%
Prevalence 4.6 74.6 T74.6 746 T4.6 TG
Sensitivity 85.1 T6.6 74.5 723 a8 1 58,5
Specificity 250 56.3 56.3 GE.8 688 75.0

PLR 1.13 1.75 1.70 2.31 218 2.38
NLR 0.60 042 0.45 0.40 0.46 0.54
PPY 76.9 837 833 B87.2 B6.5 B7.5
NPV 36.4 45.0 429 458 423 8.7

Disease prevalence by SPECT was Ta.6%.

QCA, Quantitative coronary anglography; PLE, positive lkellood ratio; NLE, negative lkellvood ratio; APV, positive predictive

value; NPY negative predictive value.

senstivity of B1% and a specificity of 50%. Optimal
stenosis threshold for QCA was found at 59% yielding a
sensilivity of 75% and a spectficily of 69%. Considering
only reversible SPECT defects, there were no significant
differences for QCTA and QCA diagneslic accuracies
{0.66 vi 0.67; P = & Figure 3B). Diagnostic sccuracy
of QUTA and QCA for detecting any versus only
reverstble myocardial perfusion defects afler excluding
patients with tolal coronary artery coclusions did not
significantly change compared o overall results
(Table 5). Figure 4A shows the resulis of logistic
regression of coronary anery stenosis assessment by
QCTA and QCA versus perfusions defects by SPECT.
For every percent increment in coronary afery senosis
by either QCTA o QCA, the odds of a perfusion defiect
increased by 3% (P < 05). Similar results were seen for
reverstble defects (Figure 4B).

Diagnostic Accuracy of QCTA to ldentify
Patlents with a Combined Myocardlal
Perfusion Defect and =50% Stenosis

by QCA

Sensilivity, specificity, PPV, and NPV for QCTA
(50% stenosis threshold) to identily patients with both
myocandial perfusion abnormality by SPECT and > 50%
comnary arterial stenosis by QCA were 84, 77, 81, 91%,
respectively. Using a lower stenosis threshold (40% ) —
as commonly done in clinical practice as gatekeeper for
invasive angiography—sensitivity, spectiicity, PPV, and

NPY were 97, 54, 75, and 93%;, respectively.

DISCUSSION

We found similar modest accuracy for guantitative
coronary arterial stenosis assessment by QCTA and
QCA for wdentifying patients with myocardial perfusion
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defects by SPECT. Using coronary arterial slenosis
thresholds ranging from 30 1o 100% by either QCTA or
QCA did not vield high accuracy Tor identifving patients
with myocardial perfusion abnormalities by SPECT.
Rather, in some instances, myocardial perfusion abnor-
malities were  associated with lower grade arterial
stenoses and in others they paired with higher grade
lumen obstruction. The accuracy for either method did
not increase when only reversible perfusion defects were
considered or when patients with total coronary arterial
occlusions were excluded from analysis. Imporantly,
howewver, the sensitivity of QCTA to identify palients
with combined myocardial perfusion defects by SPECT
and obstructive CAD by QCA was high.

The relationship between coronary arterial anatomy
and blood fow restrictions causing myocandial ischemia
15 complex. Accordingly, s single stenosis threshold,
e.g., 50 or T0% coronary arterial diameter stenosis, is
unlikely tw identify most patients with myocardial
perfusion defects. In this investigation, we used gquan-
Ulative cornary arlerdal slenosis measurements by
QUTA 1w assess the relatonship between coronary
anatomy and myocardial ischemia over a wide range of
stenoses (30-100%). However, compared W previous
reporls using semi-QCTA {eg., using predefined visual
stenosis thresholds of 25, 500 eic.) our resulls were
similar, which may suggest that the application of
QUTA does not confer an advantage aver semi-guanti-
tative, categorical assessment.' ' Dur  reported
sensitivity and specificity for QCTA to identily patients
with inducible ischemia by SPECT are similar 1o those
reported by Hacker et al™ On the other hand, Gaemperli
et al'® reported higher sensitivity, whereas Baver et al™
found lower sensitivity for identifying patients with
myocardial perfusion defects by QCTA. Predictive
values highly vared among studies as one would expect
in patient populations with different disease prevalence.”
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CT ROC area: 0.71 (0.54-0,87)
QCAROC area 072 {0.58-0. 85}

o0 @t ‘02 043 o4 05 08 OF 0w

o .0
1-Specificity
B,
1]
on
E s
s o
c
o 04
03
62
i CT ROC arexc 087 (0.53-082)
r QCA ROC areac 004 (0 52-0 80)

T T T T T
g4 &8 o8 OF

1-Specificity

Figure 3. The ROC curves for the disgnostic esecuracy of
QCA and QCTA o identify patients with any myocandial
perfusion defects by SPECT for all defects (n = 47, A) and
reversible defects only {n = 349, B). There was no statistically
significant difference between the arcas under the respective
ROC curves (P = .75 for all defects and .80 for reversible
only).

oa &8 10

Pussible explanations for the modest performance
of QCTA w predict myocardial perfusion defects may
include its poorer spatial resolution compared o QCA.
However, at least in phantom studies, QCTA appeared
quite capable of accurate lumen quantification and in
fact had greater sccuracy for slenosis assessment in
lumen with non-circular g,:il.ﬂ'm:l‘.r).r.'3 DOther explunations
include the lack of prospective assessment, Le., coronary
artery lesions were assessed by QCTA with the imtention
to maich QCA assessment and nol W assess for
hemodynamic significance. Finally, diameter swenosis
wits used 1n this study o determine lumen obstruction
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whereas luminal ares assessment iy be closer associ-
ated with hemodynamic }iigl:ulEu:,im.vt\r.':.'3

Besides technical factors, the modest association of
anatemic assessment by either QCA or QCTA with
functional assessment for the evaluation of CAD may
alvo be explained by the complexity of factors lead-
tog 1o myocardial schemia. In addition to the degree of
luminal obstruction, the number of stenoses, exlenl
of atherosclerotic plague present, lesion length, extent of
collateral Oow, endothelial dysfunction, microvascular
function, and possibly other fsctors andfor 4 combing-
tion of these influence the probability of myocerdial
ischemia” In CorE-64, disease prevalence and mor-
bidity weee very high which increases the chance of
microvascular dysfunction and perfusion defects even
in the absence of flow-limiting stenoses, possibly
explaining the relative high probability of ischemia
even with lower degree stenoses (Figure 4). One muy
therefore argue it is unrealistic 1o expect high accoracy
for simple arterial dismeler stenosis measurements Lo
predict a fairly complex outcome. The complexity of
the matter may be further illustrated by the relationship
between FFR and myocardial ischemia detected by
SPECT. While the corvnary blood Qow cheractenstics
agsessed by FFR in the epicardial coronary arlery is
expected to predict myecandial ischemia even in the
selting of collateral Mow, several studies revealed a
modest correlation between FFR and myocardial per-
fusion abnormalities in patients with multivessel
disease ™ Di Carli et al™ have shown that even
when utilizing a combinstion of anatomic and physi-
ological assessment in & single method by PET-CT, the
comrelation of both CTA and PET-CT for predicting
myocardial ischemia is poor, In contrast o many
studies reporting overestimation of stenoses compased
Lo QCA, we found no such trend in our study. Reasons
for this discrepancy includes the use of guantitative as
opposed 10 visual assessment—which 1= known o
result o lower stenosis estimates™ —as well as a
conscious effort by CorE-f4 readers not (o overcall
slenoses.”

STUDY LIMITATIONS

The prirmary objective of the CorE-64 study was to
investigate the accuracy of 6d4-slice QCTA for detecting
ohstructive CAD compared 1o QCA. Since compirison
with myocardial perfusion defects was not the primary
goal, only a subset of patients underwemt SPECT
imaging, limiting this analysis. In contrast w0 QCTA
and QCA protocols and analyses, no single prodocol was
followed for SPECT acquisiion or was ils analysis
performed in an independent core laboratory. Indeed,
SPECT resulis were hikely 10 have influenced referral [or
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Table 5. Diagnostic accuracy of QCA and QUTA for Identifying patlents with perfusion defects by
SPECT after exclusion of total coronary arterial occlusions

Stenosis
thresholds QCA-50% QCA-TO% CT-50% CT-70%
All defects
Sensitivity 538 42.3 G674 456.5
Specificity laleNs] 733 G4.3 Qze
PLR 1.35 1.59 .89 6.51
MNLRE 077 079 0.51 0.58
PPV T0.0 733 B5.3 25.2
MNPV 429 &%2.3 3.1 36.1
Reversible defects only
Sensitivity 52.4 38.1 694 51.8
Specificity 550 650 57.1 90.5
PLR 116 1.09 1.62 5.54
MLE 087 0as 0.54 0.52
PPV 55.0 533 T3.5 Q.5
NP 524 500 52.2 52.8

OCA, Quantitative coronary angiography: QUTA, guantitative CT angiography: PLE, positive likellhood ratio: NLR. negative like-
lihood ratio: PPV, positve predictive value; NPV, negatlve predictive value.
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Fipure 4, Probability of myocardial ischemia as a function of
coronary amerial diameter stenoses by QCA and QUTA for all
defects {n = 47, A) and reversible defects only (o = 39, Bl
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cardiac catheterization and study enrollment, and likely
mereased the probability of positive SPECT results
among  this cohort. Although myocardial perfusion
imaging by SPECT is an accepied standard for assessing
myocardial perfusion  sbnormalities in patients with
known or suspected CAD, the echnique only allows the
detection of relative myocardinl perfusion differences
which particularly affects patients with multivessel or
left main CAD. Finally, all analyses were based on
pattents bul not on a vessel level, precluding conclusions
on associations of lesion location and myocardial
perfusion abnormalities. An analysis on a vessel level
was not altempted because of the varability of the
coronary arterial anatomy associated with myocardial
perfusion territories.”™

CONCLUSION

QCTA is no more accurate than QCA for identify-
ing patients with myocardial perfusion delects by
SPECT. While the probability of myocardial ischemia
increases with the degree of diameler stenosis, the
gocuracy for QCTA or QUA for identifying patients with
myocardial perfusion abnormualities is similarly modest,
Given the complexity of factors involved leading w
myocardial ischemia, simple anerial diameter measure-
ments - appedr inadequate for accurate predicion of
blood Row restrictions.
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4. CONCLUSOES

4.1 Apesar de a probabilidade de isquemia miocdrdica aumentar com o grau de estenose da
artéria corondria, tanto a angiotomografia como a cinecoronariografia apresentam sensibilidade e
especificidade apenas moderadas para prognosticar as alteracdes perfusionais detectadas pela

CPM.

4.2 A acurécia da angiotomografia ndo ¢ significativamente maior que a da cinecoronariografia

para identificar pacientes com defeitos perfusionais demonstrados pela CPM.
4.3 Devido a complexidade dos fatores envolvidos na génese da isquemia miocardica, a simples

medida do diametro da artéria corondria através de sua analise anatdmica, parece ser inadequada

para prever restri¢des ao fluxo sanguineo arterial diagnosticadas através da CPM.

30



5. REFERENCIAS BIBLIOGRAFICAS

1. Hansson G K. "Inflammation, Atherosclerosis, and Coronary Artery Disease." New England
Journal of Medicine. 2005; 352(16): 1685-1695.

2. Mackay J. "The atlas of heart disease and stroke." World Health Organization. 2004

3. Instituto Brasileiro de Geografia e Estatistica (IBGE). [homepage na Internet]. Sintese de
indicadores sociais 2002 [Citado 2006 abril 10]. Sintese de Indicadores Sociais confirma as
desigualdades da sociedade brasileira. Disponivel em: http://www.ibge.gov.br.

4. Mccaig LF. National Hospital Ambulatory Medical Care Survey 2003. Emergency
Department Summary: Advance Data from Vital and Health Statistics, No. 358. Hyattsville, MD:
National Center for Health Statistics; 2005.

5. Lee T H, L. Goldman. "Evaluation of the Patient with Acute Chest Pain." N Engl J Med.
2000; 342(16): 1187-1195.

6. Smith S C, Jr, Feldman T E et al. "ACC/AHA/SCAI 2005 Guideline Update for Percutaneous
Coronary Intervention: A Report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (ACC/AHA/SCAI Writing Committee to Update
the 2001 Guidelines for Percutaneous Coronary Intervention)." J Am Coll Cardiol. 2006; 47(1):
el-121.

7. Tonino PA, Debruyne B, Pijls NH, Siebert U, Ikeno F, Van’tveer, M et al. Fractional flow
reserve versus angiography for guiding percutaneous coronary intervention. N Engl J Med 2009;
360:213-224.

8. Hamilos M, Muller O, Cuisset T, Ntalianis A, Chlouverakis G, Sarno G et al. Long-term
clinical outcome after fractional flow reserve- guided treatment in patients with angiographically
equivocal left main coronary artery stenosis. Circulation 2009; 120:1505-1512.

9. Bartunek J, Sys SU, Heyndrickx GR, Pijls NH, De Bruyne B. Quantitative coronary

angiography in predicting functional significance of stenoses in an unselected patient cohort. J
Am Coll Cardiol 1995; 26:328-334.

31



10. Abizaid A, Mintz GS, Pichard AD, Kent KM, Satler LF, Walsh CL et al. Clinical,
intravascular ultrasound, and quantitative angiographic determinants of the coronary flow
reserve before and after percutaneous transluminal coronary angioplasty. Am J Cardiol 1998;
82:423-428.

11. Topol EJ, Nissen SE. Our preoccupation with coronary luminology. The dissociation
between clinical and angiographic findings in ischemic heart disease. Circulation 1995; 92:2333-
2342.

12. Isner JM, Kishel J, Kent KM, Ronan JA Jr, Ross AM, Roberts WC. Accuracy of
angiographic determination of left main coronary arterial narrowing. Angiographic-histologic
correlative analysis in 28 patients. Circulation 1981;63:1056-1064.

13. Beller GA. Clinical nuclear cardiology. Philadelphia. WB Saunders 1995; p.82-136.

14. Feitosa GS, Nicolau JC, Chalela WA. Meneghetti JC, Ximenes AAB, Almeida CA et al. |
Diretriz da Sociedade Brasileira de Cardiologia sobre Cardiologia Nuclear. Arq Bras Cardiol
2002;78(supl.III):5-42.

15. Beller GA. Current status of nuclear cardiology techniques. Curr Probl Cardiol 1991;16:449-
535.

16. Berman DS, Hachamovitch R, Kiat H, Cohen I, Cabico JA, Wang PF, et al. Incremental
value of prognostic testing inpatients with known or suspected ischemic heart disease: a basis for
optimal utilization of exercise technetium-99m sestamibi myocardial perfusion single-photon
emission computed tomography. J Am Coll Cardiol 1995; 26:639-647.

17. Beller GA, Zaret BL. Contributions of nuclear cardiology to diagnosis and prognosis of
patients with coronary artery disease. Circulation 2000; 101:1465-78.

18. Klocke F J, Baird M G et al., "ACC/AHA/ASNC Guidelines for the Clinical Use of Cardiac
Radionuclide Imaging--Executive Summary: A Report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (ACC/AHA/ASNC
Committee to Revise the 1995 Guidelines for the Clinical Use of Cardiac Radionuclide
Imaging)." Circulation. 2003; 108(11): 1404-1418.

19. Miller J M, Rochitte C E et al. "Diagnostic Performance of Coronary Angiography by 64-
Row CT." N Engl J Med 2008; 359(22): 2324-2336.

20. Pugliese F, Mollet N et al. "Diagnostic accuracy of non-invasive 64-slice CT coronary
angiography in patients with stable angina pectoris." European Radiology 2006; 16(3): 575-582.

32



21. Schuijf J D, Wijns W et al. "Relationship Between Noninvasive Coronary Angiography With
Multi-Slice Computed Tomography and Myocardial Perfusion Imaging." Journal of the
American College of Cardiology 2006; 48(12): 2508-2514.

22. Hacker M, Jakobs T, et al. "Combined use of 64-slice computed tomography angiography
and gated myocardial perfusion SPECT for the detection of functionally relevant coronary artery

stenoses. First results in a clinical setting concerning patients with stable angina."
Nuklearmedizin 2007; 46(1): 29-35.

23. Caussin C, Larchez C, Ghostine S, Pesenti-Rossi D, Daoud B, Habis M et al. Comparison of
coronary minimal lumen area quantification by sixty-four-slice computed tomography versus
intravascular ultrasound for intermediate stenosis. Am J Cardiol 2006; 98:871-876.

24. Arbab-Zadeh A, Texter J, Ostbye KM, Kitagawa K, Brinker J, George RT et al.
Quantification of lumen stenoses with known dimensions by conventional angiography and

computed tomography: Implications of using conventional angiography as gold standard. Heart
2010; 96:1358-1363.

25. Meijboom WB, Van Mieghem CA, Van Pelt N, Weustink A, Pugliese F, Mollet NR et al.
Comprehensive assessment of coronary artery stenoses: Computed tomography coronary
angiography versus conventional coronary angiography and cor- relation with fractional flow
reserve in patients with stable angina. ] Am Coll Cardiol 2008; 52:636-643.

26. Wijpkema JS, Dorgelo J, Willems TP, Tio RA, Jessurun GA, Oudkerk M et al. Discordance
between anatomical and functional coronary stenosis severity. Neth Heart J 2007;15:5-11.

27. Gaemperli O, Schepis T et al. "Accuracy of 64-slice CT angiography for the detection of
functionally relevant coronary stenoses as assessed with myocardial perfusion SPECT." Eur J
Nucl Med Mol Imaging 2007;34(8): 1162-1171.

28. Rochitte, C. E., R. T. George, et al. "Computed tomography angiography and perfusion to
assess coronary artery stenosis causing perfusion defects by single photon emission computed
tomography: the CORE320 study. European Heart Journal 2013; 35(17):1120-1130

29. Di Carli, M., S. Dorbala, et al. "Relationship between CT coronary angiography and stress
perfusion imaging in patients with suspected ischemic heart disease assessed by integrated PET-
CT imaging. Journal of Nuclear Cardiology 2007; 14(6): 799-809.

30. Min, J., D. Berman, et al. "TCT-19 Fractional Flow Reserved Derived From Computed
Tomographic Angiography (FFRCT) for Intermediate Severity Coronary Lesions: Results from
the DeFACTO Trial (Determination of Fractional Flow Reserve by Anatomic Computed
Tomographic Angiography). Journal of the American College of Cardiology 2012; 60(17_S).

33



6. ANEXO

34



Rightslink Printable License

21/08/14 09:33

SPRINGER LICENSE
TERMS AND CONDITIONS

Aug 21, 2014

This is a License Agreement between Gustavo Godoy ("You") and Springer ("Springer")
provided by Copyright Clearance Center ("CCC"). The license consists of your order details,
the terms and conditions provided by Springer, and the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions, please see
information listed at the bottom of this form.

License Number

License date

Licensed content publisher
Licensed content publication

Licensed content title

Licensed content author
Licensed content date
Volume number

Issue number

Type of Use

Portion

Number of copies

Author of this Springer
article

Order reference number

Title of your thesis /
dissertation

Expected completion date
Estimated size(pages)
Total

Terms and Conditions

Introduction

3452740675979

Aug 19, 2014

Springer

Journal of Nuclear Cardiology

Quantitative coronary arterial stenosis assessment by multidetector
CT and invasive coronary angiography for identifying patients with
myocardial perfusion abnormalities

G. K. Godoy MD
Jan 1, 2012

19

5
Thesis/Dissertation
Full text

01

Yes and you are the sole author of the new work

None

Analise quantitativa da doenga Arterial coronariana obstrutiva por
tomografia computadorizada de 64 detectores e pela
cinecoronariografia e sua correlagdo com o equivalente isquémico
detectado pela cintilografia de perfusdo miocardica

Aug 2014
25
0.00 USD

The publisher for this copyrighted material is Springer Science + Business Media. By
clicking "accept" in connection with completing this licensing transaction, you agree that the
following terms and conditions apply to this transaction (along with the Billing and Payment

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=fébc8171-2178-44e8-987f-047c1891a50d Pagina 1 de 4

35



Rightslink Printable License 21/08/14 09:33

terms and conditions established by Copyright Clearance Center, Inc. ("CCC"), at the time
that you opened your Rightslink account and that are available at any time at

http://myaccount.copyright.com).

Limited License

With reference to your request to reprint in your thesis material on which Springer Science
and Business Media control the copyright, permission is granted, free of charge, for the use
indicated in your enquiry.

Licenses are for one-time use only with a maximum distribution equal to the number that
you identified in the licensing process.

This License includes use in an electronic form, provided its password protected or on the
university’s intranet or repository, including UMI (according to the definition at the Sherpa
website: http://www .sherpa.ac.uk/romeo/). For any other electronic use, please contact
Springer at (permissions.dordrecht@springer.com or
permissions.heidelberg@springer.com).

The material can only be used for the purpose of defending your thesis limited to university-
use only. If the thesis is going to be published, permission needs to be re-obtained (selecting
"book/textbook" as the type of use).

Although Springer holds copyright to the material and is entitled to negotiate on rights, this
license is only valid, subject to a courtesy information to the author (address is given with
the article/chapter) and provided it concerns original material which does not carry
references to other sources (if material in question appears with credit to another source,
authorization from that source is required as well).

Permission free of charge on this occasion does not prejudice any rights we might have to
charge for reproduction of our copyrighted material in the future.

Altering/Modifying Material: Not Permitted

You may not alter or modify the material in any manner. Abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of the
author(s) and/or Springer Science + Business Media. (Please contact Springer at
(permissions.dordrecht@springer.com or permissions.heidelberg@springer.com)

Reservation of Rights

Springer Science + Business Media reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.

Copyright Notice:Disclaimer

You must include the following copyright and permission notice in connection with any
reproduction of the licensed material: "Springer and the original publisher /journal title,
volume, year of publication, page, chapter/article title, name(s) of author(s), figure
number(s), original copyright notice) is given to the publication in which the material was
originally published, by adding; with kind permission from Springer Science and Business
Media"

Warranties: None

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=f6bc8171-2178-44e8-987f-047c¢1891a50d Pagina 2 de 4

36



Rightslink Printable License 21/08/14 09:33

Example 1: Springer Science + Business Media makes no representations or warranties with
respect to the licensed material.

Example 2: Springer Science + Business Media makes no representations or warranties with
respect to the licensed material and adopts on its own behalf the limitations and disclaimers
established by CCC on its behalf in its Billing and Payment terms and conditions for this
licensing transaction.

Indemnity

You hereby indemnify and agree to hold harmless Springer Science + Business Media and
CCC, and their respective officers, directors, employees and agents, from and against any
and all claims arising out of your use of the licensed material other than as specifically
authorized pursuant to this license.

No Transfer of License
This license is personal to you and may not be sublicensed, assigned, or transferred by you
to any other person without Springer Science + Business Media's written permission.

No Amendment Except in Writing

This license may not be amended except in a writing signed by both parties (or, in the case
of Springer Science + Business Media, by CCC on Springer Science + Business Media's
behalf).

Objection to Contrary Terms

Springer Science + Business Media hereby objects to any terms contained in any purchase
order, acknowledgment, check endorsement or other writing prepared by you, which terms
are inconsistent with these terms and conditions or CCC's Billing and Payment terms and
conditions. These terms and conditions, together with CCC's Billing and Payment terms and
conditions (which are incorporated herein), comprise the entire agreement between you and
Springer Science + Business Media (and CCC) concerning this licensing transaction. In the
event of any conflict between your obligations established by these terms and conditions and
those established by CCC's Billing and Payment terms and conditions, these terms and
conditions shall control.

Jurisdiction

All disputes that may arise in connection with this present License, or the breach thereof,
shall be settled exclusively by arbitration, to be held in The Netherlands, in accordance with
Dutch law, and to be conducted under the Rules of the 'Netherlands Arbitrage Instituut'
(Netherlands Institute of Arbitration).OR:

All disputes that may arise in connection with this present License, or the breach
thereof, shall be settled exclusively by arbitration, to be held in the Federal Republic of
Germany, in accordance with German law.

Other terms and conditions:

vl3

You will be invoiced within 48 hours of this transaction date. You may pay your invoice
by credit card upon receipt of the invoice for this transaction. Please follow instructions
provided at that time.

To pay for this transaction now; please remit a copy of this document along with your
payment. Payment should be in the form of a check or money order referencing your

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=f6bc8171-2178-44e8-987f-047c¢1891a50d Pagina 3 de 4

37



Rightslink Printable License

account number and this invoice number RLNK501381478.
Make payments to "COPYRIGHT CLEARANCE CENTER" and send to:

Copyright Clearance Center

Dept 001

P.O. Box 843006

Boston, MA 02284-3006

Please disregard electronic and mailed copies if you remit payment in advance.
Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable
license for your reference. No payment is required.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=f6bc8171-2178-44e8-987f-047c¢1891a50d

38

21/08/14 09:33

Pagina 4 de 4



39



