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Abstract
Multi-detector coronary computed tomography angiography (CTA) is a promising modality for
widespread clinical application because of its non-invasive nature and high diagnostic accuracy as
found in previous studies using 64 to 320 simultaneous detector rows. It is, however, limited in its
ability to detect myocardial ischemia. In this manuscript we describe the design of the CORE320
study (“Combined Coronary Atherosclerosis and Myocardial Perfusion Evaluation Using 320
Detector Row Computed Tomography”). This prospective, multicenter, multinational study is
unique in that it is designed to assess the diagnostic performance of combined 320-row CTA and
myocardial CT perfusion imaging (CTP) in comparison to the combination of invasive coronary
angiography and single photon emission computed tomography myocardial perfusion imaging
(SPECT-MPI). The trial is being performed at 16 medical centers located in 8 countries
worldwide. Computed tomography has the potential to assess both anatomy and physiology in a
single imaging session. The co-primary aims of the CORE320 study is to define the per-patient
diagnostic accuracy of the combination of coronary CTA and myocardial CTP to detect
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physiologically significant coronary artery disease compared to 1) the combination of
conventional coronary angiography and SPECT-MPI and 2) conventional coronary angiography
alone. If successful, the technology could revolutionize the management of patients with
symptomatic CAD.

Keywords
computed tomography; coronary angiography; myocardial perfusion imaging; study design and
implementation; multicenter study

Introduction
Coronary artery disease (CAD) is now the leading cause of morbidity and mortality
worldwide (1). Conventional coronary angiography (CCA) is the current gold standard for
determining the presence or absence of significant coronary luminal stenosis. However, due
to the high cost and inherent risks involved with this invasive procedure (such as stroke,
myocardial infarction, death, need for emergency surgical intervention; and a major
complication rate of 0.1-0.3%) (1), the non-invasive assessment of CAD is desirable in well
defined groups of patients with suspected CAD. Advances in multi-detector computed
tomography (CT) have made the non-invasive imaging of the coronary arterial lumen and
wall feasible (2). Multiple studies have shown that coronary CT angiography (CTA) has a
high sensitivity and negative predictive value when compared to CCA in patients with low
or intermediate risk for CAD (2-8). CTA supersedes all other non-invasive imaging
modalities in its capability to rule out disease; however, CTA does not provide information
on the physiologic significance of coronary luminal stenosis (9, 10). Previous studies have
shown that the patients who benefit most from invasive therapies (ie. angiogplasty and
bypass surgery) are those with proven myocardial ischemia (11, 12). Multiple prior studies
have shown that a ≥ 50% coronary luminal stenosis identified by CTA is a poor predictor of
reversible ischemia with positive predictive values ranging from 29-58% (13-16). The
optimal non-invasive diagnostic test for evaluating CAD would be a test that can measure
both coronary luminal stenosis and myocardial ischemia in patients with moderate to severe
disease.

Preclinical and single center studies have evaluated the capability of combining coronary
CTA and myocardial CT perfusion imaging (CTP) to detect atherosclerosis causing
myocardial perfusion abnormalities (17-23). These single center studies have shown that
CTP compares well with single photon emission computed tomography myocardial
perfusion imaging (SPECT-MPI) and is accurate in detecting obstructive atherosclerosis
causing myocardial ischemia. As a next step to the validation of myocardial CTP imaging
we describe the study design and the methodological implementation of the CORE320
multicenter, multinational diagnostic study.

Methods
Objectives

Prior to data analysis, the CORE320 steering committee specified the two co-primary
objectives of the CORE320 study. They are as follows: test the diagnostic accuracy, on a
per-patient basis, of 320-CT for identifying the combination of CTA defined coronary artery
stenosis ≥ 50% and a corresponding myocardial perfusion defect on CTP in a patient with
suspected or know CAD compared with the following reference standards: 1) the
combination of a quantitative coronary angiography (QCA) defined stenosis ≥ 50% and a
corresponding myocardial perfusion defect on single photon emission computed tomography
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(SPECT-MPI) and 2) a stenosis ≥ 50% on QCA alone. The primary diagnostic parameter
will be the area under the receiver operating characteristic curve (ROC). The CORE320
steering committee selected two co-primary objectives with the goal of comparing the
combination of CTA and CTP to the combination of an anatomic (CCA) and physiologic
test (SPECT-MPI) and, based on the limitations for SPECT-MPI in the setting of left main
and three vessel disease, to an anatomic reference standard (CCA) alone (24, 25). In addition
to the co- primary objectives of this study, eighteen secondary objectives have been outlined
for further analyses. These objectives have been divided into analyses based on patient level,
vessel-territory, segmental, and clinical outcome measures. The details of each of these
secondary objectives are outlined in Table 1.

Design Overview
The CORE320 study is a multicenter, multinational, diagnostic study designed to compare
the accuracy of combined coronary CTA and myocardial CTP against the combination of
CCA and SPECT-MPI to detect a patient with atherosclerosis and corresponding myocardial
ischemia. The study is registered at www.clinicaltrials.gov, identifier: NCT00934037 and is
being conducted at 16 centers, with four centers in the United States, four centers in Japan,
two centers in Brazil and Singapore, one center in Germany, Canada, the Netherlands, and
Denmark. All centers use the same 320 row detector CT scanner (Aquilion ONE, Toshiba
Medical Systems, Nasu, Japan). The study sponsor, Toshiba Medical Systems, is not
involved in any stage of the study design, data acquisition, data analysis, or manuscript
preparation.

The study protocol was entirely developed by the CORE320 Steering Committee. The
imaging components occur after enrollment and consist of four tests: 1) coronary CTA; 2)
adenosine stress myocardial CTP; 3) SPECT-MPI; and 4) CCA. At study baseline, blood
serum is being collected and stored for biomarker analyses. Biomarker analyses will focus
on four functional categories: (1) lipid metabolism (lipoprotein profile, total cholesterol,
triglycerides, high density lipoprotein, low density lipoprotein), (2) inflammatory (C-
reactive protein, myeloperoxidase, soluble intercellular adhesion molecule-1), (3)
myocardial stress (ProBNP), and (4) glucose metabolism (fructosamine).

All enrolled patients referred for a clinically indicated CCA are required to have a SPECT-
MPI using either symptom limited exercise or pharmacologic stress test in the previous 60
days. SPECT-MPI can be a study performed for clinical purposes on a CORE320 validated
SPECT camera or can be performed under the research protocol, see Figure 1. Prior to CCA,
patients will undergo a combined CTA and adenosine stress CTP. SPECT-MPI, CCA, CTA,
and CTP are to all be completed within 60 days of each other. The CT exam was performed
at least 24 hours prior to the CCA. The overall design of the CORE320 study is depicted in
Figure 1.

Study investigators, referring physicians, and participants are blinded to the CT results;
however results of the clinical or research SPECT-MPI are available to the referring
physician and the invasive cardiologist. All further clinical decisions are based on the
patient's clinical standard of care and the clinically indicated invasive coronary angiogram.
Each imaging reading center (CTA, CTP, CCA, and SPECT-MPI) is blinded to all clinical
data and analyses from other imaging core laboratories. All enrolled participants provide
informed consent approved by both central and local institutional review boards (IRB).
Evaluation for the presence of non-cardiac findings on CTA is performed locally at each
center by a radiologist according to local institutional regulatory standards. Clinical follow-
up is scheduled for 30 days, 6 months, one year, and two years. Clinical status and interval
events are reviewed via telephone with the participant, review of medical records, or written
communication with the participant. Specific clinical outcomes to be captured include: the
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occurrence of death, myocardial infarction, stroke, coronary revascularization (including
percutaneous coronary intervention or coronary artery bypass surgery), or hospitalizations.
Study participant safety will be monitored by an independent data safety and monitoring
board and IRB.

Patient Selection/Inclusion/Exclusion Criteria
The CORE320 study was designed to include participants between 45-85 years of age, who
were referred for clinically driven CCA for suspected or known CAD and who were willing
and able to sign written informed consent. Women of child-bearing potential are required to
have a negative pregnancy test within 24 hours of the CT study. Patients will be excluded
from participation if they had any of the following:

• Atrial fibrillation or uncontrolled tachyarrhythmia

• Advanced atrioventricular block (second or third degree heart block)

• Evidence of acute coronary syndrome with TIMI risk score greater than 5 or
elevated cardiac enzymes in the past 72 hours

• Known or suspected moderate or severe aortic stenosis

• Evidence of severe symptomatic heart failure (NYHA class III or IV)

• Previous coronary artery bypass or other cardiac surgery

• Coronary artery intervention within the last 6 months

• History of allergic reaction to iodinated contrast media

• History of contrast-induced nephropathy

• Multiple myeloma

• Previous organ transplantation

• Elevated serum creatinine (>1.5 mg/dl) or calculated creatinine clearance of <60
ml/min (using the Cockcroft-Gault formula)

• Contraindications to vasodilatory stress (SBP < 90, recent use of dipyridamole and
dipyridamole containing medications, recent use of methylxanthines like
aminoplylline and caffeine)

• Unstable acute coronary syndrome or MI

• Profound sinus bradycardia (less than 40 beats per minute)

• Known or suspected intolerance or contraindication to beta-blockers (including:
known allergy to beta-blockers, history of moderate to severe bronchospastic lung
disease including moderate to severe asthma, severe pulmonary disease with the
use of inhaled bronchodilator over the past year)

• Body mass index >40

• Presence of intracardiac devices like ICD or metallic implants within the imaging
field of view

• History of high radiation exposure (≥ 2 nuclear or MDCT studies or ≥ 5.0 rems) in
the 18 months prior to consent,

• Dual isotope studies, thallium studies, or sestamibi studies that included rest and
stress performed in 2 days protocol
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• History of a clinical SPECT performed within the previous 6 months but more than
60 days of screening or in a non-validated center within 60 days prior to screening

• The presence of any other history or condition that the investigator judged to be a
significant reason for exclusion

We anticipate a similar demographic breakdown as in the previous study performed by the
same group of investigators, CORE-64, in terms of age distribution, ethnic diversity, and
gender. The study included 71% Caucasian, 5% African American or African Brazilian,
20% Asian, and 4% Other (American Indian and Pacific Islander) with 28% of participants
being Hispanic. The CORE-64 study and the CORE320 study eligibility criteria are similar
and a majority of the enrollment centers are the same (5, 26).

Sample Size
We determined that a sample size (number of evaluable patients) of 400 is needed to detect
the difference in area under the receiver operating characteristic curve between the null (H0)
and alternative (H1) hypothesis values indicated using a one-sided test with a significance
level of 5% with at least 80% power (Table 2) (27, 28). The sample size determination was
based on the primary objective, with the patient being the unit of analysis. Secondary
analyses examining diagnostic accuracy based on a vessel and segment level analysis will be
performed using statistical methods to adjust for the effects of within patient clustering.

Image Acquisition
The CORE320 CTA and CTP acquisition methods (developed by the CT methods sub-
committee) are described in detail elsewhere (29) and the CT acquisition parameters are
summarized in Table 3. Patients with heart rates >60 beats per minute receive 75-150 mg of
oral metoprolol. Coronary calcium scanning precedes the coronary CTA. The CTA/rest CTP
study is then performed using sublingual nitroglycerin, real-time bolus tracking, and a
prospective ECG triggered protocol over 1-2 heart beats. Tube current and voltage, contrast
dose and exposure window are adjusted according to Table 3. Twenty minutes later stress
CTP will be acquired during a 4 to 5 minute adenosine infusion (140 mcg/kg/min) using
real-time bolus tracking and a prospective ECG triggered protocol over 1-2 heart beats.
Tube current and voltage, contrast dose and exposure window are adjusted according to
Table 3.

Conventional angiographic methods are identical to those utilized in CORE-64 and are
described in detail elsewhere (5, 26). The SPECT-MPI protocols utilized in CORE320 are
summarized in Figure 2. An example of an entire CORE320 data set from a run in
participant is depicted in Figure 3.

Reading Center Framework -Data handling, analysis
Clinical data is being obtained at baseline and entered into an electronic data collection, data
management, and data extraction system (DATATRAK International, Mayfield Heights,
OH) using an Internet/Hybrid database design at each of the field centers. SPECT-MPI
images in DICOM format are electronically transmitted via AGMednet (Boston, MA) Image
Transfer System from the field centers directly to the SPECT-MPI Reading Center (M.
Dicarli; Brigham and Women's Hospital) and the Coordinating Center's DICOM repository
(Johns Hopkins Hospital). DICOM image data from the clinically driven index CCA and
potential intervention are transmitted via WebPax (Heart Imaging Technologies Durham,
NC) and deposited directly into the Coordinating Center's DICOM repository for storage
and data analyses in the CCA Core Laboratory (J. Miller; Johns Hopkins Hospital). The CT
raw image data is transferred on Blu-ray Disc™ to the CT reading center for centralized
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image reconstruction and analysis (J. Lima, R. George, and A. Zadeh; Johns Hopkins
Hospital).

The CCA and CTA studies are interpreted and quantified by two experienced readers and
final results are obtained by consensus according to previously published methods (5, 26,
29). SPECT-MPI and CTP studies are independently interpreted by two experienced readers
and differences are resolved by consensus. SPECT-MPI and CTP will use a 13 segment
myocardial model as previously described (29). Each reading center enters secondary data
(results from quantitative and qualitative image interpretation) into a web-based
OpenClinica relational database (Akaza Research, Waltham, MA) which has been
developed and is managed by the coordinating center. This relational database is designed to
recognize and trigger studies needing consensus and/or adjudication within each reading
center or between two reading centers (reference standard - CCA/SPECT and test case –
CTA/CTP). Consensus processes occur within the framework of each core-laboratory while
the adjudication processes are designed to assign perfusion territories to specific vessels
using previously established models (30, 31). The adjudication processes can only begin
after completion and locking of all qualitative and quantitative procedural measurements for
any given study and are performed according to pre-established rules between the reference
standard reading centers (CCA and SPECT-MPI) and between the two arms of the CT
reading center (CTA and CTP). The CT adjudication committee consists of three members
(AZ, RG, and JL), with expertise in CT. Adjudication between the SPECT-MPI and the
CCA reading centers will involves three members (MDC, JM, and JB) from the SPECT-
MPI and the CCA reading centers with expertise in both imaging modalities.

Statistical Methods
The primary analysis will calculate the diagnostic accuracy on a per-patient level of the
combination of quantitative CTA and visual CTP measurements compared to the reference
standards: 1) the combination of quantitative CCA and visual SPECT-MPI measurements
and 2) quantitative CCA alone. In the first primary analysis, a positive patient will be
defined as having at least one vessel with a ≥ 50% diameter stenosis defined by quantitative
CCA and a corresponding territorial perfusion defect by SPECT-MPI. In the second primary
analysis, a positive patient will be defined as having at least one vessel with a ≥ 50%
diameter stenosis defined by quantitative CCA.

Secondary analyses will be performed at the patient and vascular territory level according to
the secondary objectives outlined in Table 1. Moreover, we will also perform a patient based
analysis to determine the diagnostic capability of the combination of CTA and CTP imaging
to predict subsequent coronary revascularization.

In order to assess the diagnostic accuracy of CTA and CTP compared CCA plus SPECT-
MPI we will consider the result from the combination of CTA and CTP as continuous
measures. Both measures will be available at the patient and vascular territory level. The
analysis will be based on the area under the receiver operating characteristic (ROC) curve
(AUC). Construction of the ROC curve using the two CT measures is based on the result
that the curve is based on the risk score has the same ROC curve as the optimal curve based
on the likelihood ratio (32). The risk score will be estimated by logistic regression analysis
with CTA and CTP as predictor variables. The resulting risk score (the linear predictor from
the logistic regression) will be used to construct the ROC curve. The AUC and its standard
error will be estimated nonparametrically using previously described methods (32).
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Conduct of the Study
Study Organization

The Steering Committee is responsible for the overall design, conduct, and supervision of
the study. The Steering Committee consists of a representative from each participating site, a
member of each of the reading centers (CTA, CTP, SPECT-MPI, CCA), and a member from
the data coordinating center. The Steering Committee functions independently from the
sponsor of the study.

Safety Monitoring
All field centers had the study protocol and informed consent form approved by their local
IRBs, reviewed by a centralized IRB, and an independent Data and Safety Monitoring Board
(DSMB). Where required at a national level, national agency approvals for protocol and
radiation exposure were obtained (Germany, Canada, and Brazil). For any individual patient,
consideration is given immediately for immediate study withdrawal, if serious adverse
events occur (i.e. adverse reaction to intravenous contrast or adenosine or change in clinical
course). Notifications of events occurring within 30 days of study enrollment are transmitted
within 24 hours of occurrence electronically to the local study coordinator and Principal
Investigator (PI) and the central coordinator and overall study PI (J. Lima). The coordinating
center reports pertinent safety data and study progress to the DSMB every 100 patients
enrolled. The DSMB chairman (Warren Laskey, MD, University of New Mexico) and its
members are experts in the fields of radiology, cardiology, and nephrology and are
completely independent of the study management and investigators. The DSMB initially
reviewed all study protocols and determined an ongoing process of evaluation of study
progress and data safety. The DSMB has recommended protocol modifications, and
monitors study progression continuously.

Quality Assurance and Training
This study was designed to implement quality assurance using a three phase training period
for all participating study physicians, coordinators, and technologists. Phase one training
included an onsite presentation of the study design, rationale, and CT acquisition protocol; a
teleconference describing the SPECT-MPI camera qualification process and outlining of the
conventional angiography data transfer methodology and an online training module for the
instructions on entering data into the DATATRAK clinical database. Phase two training
required each site to perform three rest only CTAs and transmit all DICOM data to the
corresponding reading centers. Phase three training was performed under IRB approval as a
run in period. Each field center was required to enroll one patient into the study and perform
all study procedures (combined CTA and CTP, SPECT-MPI, and CCA) according to the
protocol specifications. Prior to commencing enrollment at a field center, each site was
required to complete phase three training without any protocol deviations.

CT Site Accreditation—Sites and their CT technologists were required to complete phase
1-3 training. This included phase 1didactic training, phase 2 practical training with the
completion of three rest CTA examinations according to protocol, and completion of a
written test with 100% accuracy. Phase 3 training required the site to enroll at least one
participant in the run in phase of the study with no protocol deviations. Upon successful
completion of phases 1-3, a site received CT accreditation.

SPECT-MPI and CCA Site Accreditation—All SPECT cameras used in the study were
required to undergo accreditation for quality assurance prior to commencement and
throughout the enrollment period. The SPECT qualification process was multifocal
involving evaluation of both camera physics and image quality. To account for variability in
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imaging equipment and image acquisition techniques, the nuclear core laboratory evaluated
images for quality control following guidelines of the American Society of Nuclear
Cardiology (33).

The physics qualification process included completion of a qualification form depicting
camera specifications, camera maintenance, and local quality control procedures. In
addition, a phantom study was performed on each camera and images were transmitted to
the nuclear core laboratory for evaluation. A nuclear core lab physicist reviewed the
qualification data and phantom images. In addition, three clinical test cases (one case with
normal myocardial perfusion and two cases with abnormal myocardial perfusion) were
transmitted to the Core Lab for evaluation. All submitted images were reviewed by the Core
Lab Director for final approval.

For CCA accreditation, sites were required to submit three clinically indicated conventional
angiography qualifying films to the angiographic core laboratory for review of image
quality, protocol compliance, and data handling methodology.

Radiation Exposure
Using the dose-length product on the scanner and converted to effective dose using a factor
of 0.014, the standard methodology outlined in the European Guidelines on Quality Criteria
for Computed Tomography (34), the total mean radiation dose for CACS, CTA, and CTP is
estimated to be 9-13 mSv with the total CT radiation dose capped at 25.5 mSv by the central
IRB (29). The total CT dose is dependent upon a participant's gender, heart rate, and body
mass index. Beta-blockers are being used to manage heart rate to reduce the radiation dose.
The average total dose for the CT studies during the run-in period was 11.61 ± 2.63 mSv,
well below the protocol cap of 25.5 mSv. In participants that undergo a research SPECT-
MPI study the estimated effective radiation dose is 13 mSv. 99mTc-labeled radioisotopes are
injected with 8 mCi at rest followed by a second injection of 25 mCi at stress. The estimated
radiation dose for all research procedures included in this study is 22.0 – 38.5 mSv.

Presentations and Publications Committee
A Presentations and Publications Committee (P&P) has been instituted to oversee the
dissemination of study results. The P&P Committee consists of selected Steering Committee
members and is chaired by a radiologist (M. Clouse) and co-chaired by a cardiologist (J.
Brinker). The P&P Committee is responsible for the review and approval of the final study
presentation and manuscript. The committee will insure data integrity and promote timely
publication/presentation of the primary endpoint. The committee will also approve
secondary analyses from the study database, and review and approve all presentations and
manuscripts that describe results from data collected in the CORE320 Study.

Discussion
The combination of coronary CTA and myocardial CTP imaging in one test has the potential
to obviate some of the risks associated with invasive assessment of atherosclerosis, the
capability to detect coronary atherosclerosis and associated myocardial ischemia, reduce
costs associated with multiple screening tests, and potentially decrease patients' cumulative
radiation exposure. Importantly, also, is the possibility to gain insight into the interplay
between ischemia secondary to microvascular disease and that caused by epicardial
obstructive atherosclerosis which is not well understood and has become of paramount
importance given the rising prevalence of diabetes and hypertension, the two most important
etiologies of microvascular disease, and two of the main determinants of epicardial
atherosclerosis. Animal models combining both problems are difficult to generate and
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generally provide an incomplete picture of the human paradigm which is complex, chronic,
and difficult to quantify. The proposed method of assessing coronary large and small vessel
disease at once is promising in the elucidation of these conditions in the real world of
emergency rooms serving diverse populations with high prevalence of both diabetes and
hypertension.

Technologically, the development of a 320-detector row scanner has enabled volumetric
imaging of the entire heart at a single time point within one cardiac cycle. This new
technology has reduced imaging artifacts inherent in subvolume imaging over multiple
cardiac cycles (35). Initial studies have reported consistently good image quality and
contrast opacification (36), significantly lower radiation exposure as compared to helical
acquisition approaches (8)and diagnostic accuracy results similar to 64-detector row studies
(8). This study has the potential to demonstrate higher CTA diagnostic accuracy than
reported in 64-detector row multi-center and meta-analysis studies due to volumetric
imaging, tight heart rate control, and a standardized imaging protocol at a significantly lower
radiation dose than 64-detector row studies. Finally, on a broader scale, the study has the
potential to provide a safer and more expeditious evaluation of patients with suspected
ischemic CAD. Furthermore, the application of study results have the potential to prevent
unnecessary revascularization, reduce radiation exposure, and decrease overall health care
expenses.

Recruitment Challenges and Methodological Considerations
Enrollment for the study began with a training run-in period in August 2009 and active
enrollment began in November 2009. With 16 centers in 8 countries recruiting for a study as
complex as CORE320, several challenges have become obvious and deserve discussion.
Such enrollment barriers include: eligibility criteria, limited timeframe between
experimental procedures and the clinically indicated CCA (particularly in US sites),
international shortage of technetium, cumulative radiation exposure, blinding of CTA
results, qualification of clinical SPECT scanners, and clinical availability of SPECT studies
have all constituted significant challenges for worldwide patient recruitment in CORE320.
In order to overcome these recruitment barriers we have activated two back-up field centers
and all field centers have expanded SPECT feeder sites to increase patient screening pools.
Several changes to the protocol were carried-out following the run-in phase to stream-line
procedures and accommodate for the multinational clinical realities and regulatory aspects
of the study. Specifically these have included adjusting site specific beta-blocker type and
dose, adenosine concentration, and total radiation limits. Enrollment barriers that were
beyond the control of the study coordination such as the worldwide technetium shortage
have been partly compensated for by the activation of two additional back-up sites in
Denmark and Japan.

The study methods are limited in that some participants will receive a research SPECT-MPI
study using a standardized protocol and other participants will undergo a clinically indicated
SPECT-MPI protocol in a pre-approved nuclear laboratory. Moreover, the inherent
limitations of the perfusion gold standard include limited spatial resolution by SPECT-MPI
and limited sensitivity in left main and three vessel disease are well recognized but were
offset by the realization that SPECT-MPI is the most utilized clinical technology to assess
myocardial perfusion clinically and therefore should be included as part of the reference
standard of clinical care, in combination with conventional coronary angiography.

Summary
CORE320 is a prospective multinational multicenter clinical study of CT for the combined
noninvasive detection of obstructive CAD with corresponding myocardial ischemia. The
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primary outcome measure is the comparison of the combination of coronary artery stenosis
≥ 50% and a corresponding myocardium perfusion defect identified by CT in a patient with
suspected or known CAD, against the same parameters identified by CCA and SPECT-MPI.
Image data are being analyzed by four blinded independent reading centers and compliance
with study protocol. Safety is being monitored closely by an independent DSMB, a central
IRB, and the study Coordinating Center. Enrollment of the required sample size was
completed in July 2011 and the study is expected to be completed by mid 2013. We
anticipate that the efficacy of this combined approach, if documented against the reference
standard methods, could significantly improve the management of patients with suspected
CAD in this country and abroad.
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CT multi-detector computed tomography

CTA coronary computed tomography angiography

CTP myocardial computed tomography perfusion imaging
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imaging
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Figure 1.
CORE320 study design. Workflow of patient enrollment, data acquisition, and data
handling. Reproduced with permission from George, et al. AJR Am J Roentgenol
2011;197:829-37.
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Figure 2.
Depiction of one day and two day SPECT myocardial imaging protocols utilized in the
CORE320 study. The rest/stress or stress/rest gated 99mTc SPECT imaging protocols are
used with vasodilators (adenosine, dipyridamole, or regadenoson) or symptom limited
exercise.
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Figure 3.
Depicts a CORE320 participant's entire imaging dataset. Panel A depicts a right coronary
artery with a 100% occlusion using conventional coronary angiography. Panel B depicts an
inferior and inferolateral wall, partially reversible perfusion defect on a SPECT scan. Panel
C depicts a 100% occlusion in the right coronary artery on a CT coronary angiography.
Panel D depicts an inferolateral wall perfusion defect on the CT myocardial perfusion
image.
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Table 1
Secondary Objectives

Patient-Based Hypotheses The combination of a ≥ 50% coronary stenosis (or a non-evaluable coronary segment) by
quantitative 320 × 0.5 mm CTA with a corresponding perfusion defect defined by adenosine CTP,
allows for the identification of patients with at least one ≥ 50% coronary stenosis detected by
quantitative CCA associated with a corresponding perfusion defect defined by SPECT-MPI.

The combination of a ≥ 50% coronary stenosis (or a non-evaluable coronary segment) detected by
quantitative 320 × 0.5 mm CTA with a corresponding perfusion defect detected by adenosine CTP,
allows for the identification of patients with at least one ≥ 50% coronary stenosis detected by
quantitative CCA.

Quantitative 320 × 0.5 mm coronary CTA allows for the identification of patients with at least one
≥ 50% coronary stenosis detected by quantitative CCA.

Adenosine CTP by 320 × 0.5 mm CT allows for the identification of patients with at least one ≥
50% coronary stenosis detected by quantitative CCA.

Adenosine CTP by 320 × 0.5 mm CT allows for the identification of patients with at least one
perfusion defect defined by SPECT-MPI.

320 × 0.5 mm coronary CTA allows for the identification of patients with at least one perfusion
defect defined by SPECT-MPI.

Vessel-Territory Based Hypotheses The combination of a ≥ 50% coronary stenosis (or a non-evaluable coronary segment) by
quantitative 320 × 0.5 mm CTA with a perfusion defect defined by adenosine CTP, corresponds to
the combination of a ≥ 50% coronary stenosis detected by quantitative CCA with a perfusion defect
defined by SPECT-MPI in the same territory.

The combination of a ≥ 50% coronary stenosis (or a non-evaluable coronary segment) detected by
quantitative 320 × 0.5 mm CTA with a perfusion defect detected by adenosine CTP corresponds to
a ≥ 50% coronary stenosis detected by quantitative CCA in the same vessel.

Quantitative 320 × 0.5 mm coronary CTA allows for the identification of a vessel with at least one
≥ 50% coronary stenosis detected in the corresponding vessel by quantitative conventional
angiography.

Adenosine CTP by 320 × 0.5 mm CT allows for the identification of myocardium territory with at
least one ≥ 50% coronary stenosis detected by quantitative CCA in the corresponding vessel.

Adenosine CTP by 320 × 0.5 mm CT allows for the identification of a vessel with at least one
perfusion defect defined by SPECT-MPI in the same territory.

320 × 0.5 mm coronary CTA allows for the identification of a vessel with at least one ≥ 50%
coronary stenosis which corresponds to a perfusion defect defined by SPECT-MPI in the same
territory.

Segmental-Based Hypothesis The combination of a ≥ 50% coronary stenosis (or a non-evaluable coronary segment) by quantitative
320 × 0.5 mm CTA with a perfusion defect defined by adenosine CTP, corresponds to the combination of
a ≥ 50% coronary stenosis detected by quantitative conventional angiography in the same segment, with
a perfusion defect defined by SPECT-MPI in the same territory.

Outcome-Based Hypotheses The combination of a ≥ 50% coronary stenosis (or a non-evaluable coronary segment) by
quantitative 320 × 0.5 mm CTA with a perfusion defect defined by adenosine CTP identifies the
patient who will undergo subsequent coronary revascularization and/or develop a major coronary
event within 30 days, 1 year and 2 years from the CT study.

The detection of a ≥ 50% coronary stenosis by quantitative 320 × 0.5 mm CTA identifies the
patient who will undergo coronary revascularization and/or develop a major coronary event within
30 days, 1 year and 2 years from the CT study.

The detection of a perfusion defect defined by adenosine 320 × 0.5 mm CTP identifies the patient
who will undergo coronary revascularization and/or develop a major coronary event within 30
days, 1 year and 2 years from the CT study.

High levels of inflammatory biomarkers defined as >75th percentile of reference values lead to
incremental prognostic information for the prediction of two year major and all combined CV
events when added to the results of coronary angiography and myocardial stress perfusion imaging.

The addition of biomarkers to the results from novel MDCT assessment of coronary stenosis and
myocardial perfusion yields stronger predictive power for major and all combined CV events than
the combination of biomarkers with invasive angiography and SPECT perfusion imaging over a
period of up to two years from the baseline examination
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Abbreviations: CTA: computed tomography angiography; CTP: computed tomography perfusion; CCA: conventional catheter angiography; CT:
computed tomography; SPECT-MPI: single photon emission computed tomography myocardial perfusion imaging
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Table 3
CT Acquisition Parameters

CTA CTP

Heart Rate ≤65(bpm) Heart Rate >65(bpm) Heart Rate ≤65(bpm) Heart Rate >65(bpm)

Tube current (mA)Body mass index

 Body mass index

  Female

　　 ≤19.9 300 300 270 270

   20.0-24.9 370 340 300 300

   25.0-29.9 400 340 350 300

   30.0-34.9 450 450 370 300

   35.0-39.9 460 460 400 300

  Male

　　 ≤19.9 350 350 350 300

   20.0-24.9 400 400 370 350

   25.0-29.9 450 440 400 350

   30.0-34.9 520 520 450 350

   35.0-39.9 550 550 470 350

Center of Exposure Window (%) 75 60 85 85

Exposure Window (%) 10 40 20 20

Contrast Injection

 Volume (ml), Rate (ml/sec)

  Weight

   <60 kg 50 (4.0) 50 (4.0) 50 (4.0) 50 (4.0)

   60-70 kg 60 (4.5) 60 (4.5) 60 (4.5) 60 (4.5)

   71-100 kg 60 (5.0) 60 (5.0) 60 (5.0) 60 (5.0)

   >100 kg 70 (5.0) 70 (5.0) 70 (5.0) 70 (5.0)

Detector Collimation (mm) 240-320 240-320 240-320 240-320

Detector Width (mm) 0.5 0.5 0.5 0.5

Tube Voltage (kV) 120 120 120 120

Gantry rotation time (seconds) 0.350-0.375 0.350-0.375 0.350-0.375 0.350-0.375

Abbreviations: CTA; computed tomography angiography, CTP; computed tomography myocardial perfusion imaging, BPM; beats per minute.
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