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Abstract

BACKGROUND: Cardiac CT has the potential to offer comprehensive infarct detection by 

assessing regional wall motion abnormalities (RWMAs), rest perfusion defects (RPDs), and 

delayed contrast enhancement (DCE). However, the diagnostic accuracy of these techniques for 

the detection of myocardial infarction (MI) is unknown.

METHODS: Forty-eight patients with intermediate-to-high probability for coronary artery disease 

after single-photon emitting CT myocardial perfusion imaging were prospectively enrolled for a 

research comprehensive 64-detector row dual-source cardiac CT protocol that included cine 

images for RWMA, first-pass images for RPD, and delayed images for DCE. Blinded readers 

independently assessed each technique. Subsequently, a final combined analysis (cine 1 rest 1 

DCE) was performed. The universal definition for MI by the 2007 American Heart Association 

task force was used as the “gold standard.”

RESULTS: Twenty-four of 48 patients (50%) had infarct by the universal definition. The 

combined CT analysis was most accurate (90%) with the highest per-patient sensitivity (88%) and 

specificity (92%) versus individual assessments (RWMA, 79% and 88%; RPD, 67% and 92%; 

DCE, 79% and 88%). Similar findings were observed on a per-vessel basis analysis. A 

combination of DCE and cine showed a good accuracy (85%) and high sensitivity (92%).

CONCLUSIONS: Infarct detection with CT is feasible with overall good diagnostic accuracy 

compared with the universal definition. A combined evaluation that included all techniques (cine, 

RPD, and DCE) had the highest diagnostic accuracy. These findings may have implications when 

designing future clinical and research CT protocols for optimal infarct detection.
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Introduction

Cardiac CT angiography (CTA) is most frequently performed to assess the presence of 

coronary artery disease (CAD) and to exclude significant stenosis. The modality shows 

excellent sensitivity and negative predictive value in patients with low-to-intermediate 

pretest probability for CAD.1,2 Although the utility of CTA to exclude obstructive CAD in 

selected patient populations is excellent, the recently reported capabilities of CT to assess 

myocardial enhancement patterns has moved cardiac CT beyond the realm of a simple 

angiographic examination. CT perfusion (CTP) is a technique that has been shown to detect 

myocardial infarcts (MIs) compared with single-photon emission computed tomography 

myocardial perfusion imaging (SPECT-MPI), particularly during rest CT studies.3 CTP has 

also shown the ability to identify reversible myocardial perfusion defects (myocardial 

ischemia) by imaging during contrast injection under pharmacologic stress.4,5

Gated cardiac CT offers the ability to obtain cine functional images for assessment of global 

left ventricular (LV) function and detection of regional wall motion abnormalities 

(RWMAs),6,7 myocardial perfusion images for detection of perfusion defects,8,9 and delayed 

contrast enhancement (DCE) images for detection of delayed hyperenhancement.10–14 

Moreover, CT has long offered the ability to detect signs of remote myocardial infarction 

(such as wall thinning, fatty metaplasia, and myocardial calcifications).15–19 Although many 

of these CT techniques have been previously studied independently, the combined accuracy 

of these phases in a single comprehensive examination has not been studied. Most of these 

features can also be assessed with cardiac magnetic resonance imaging (MRI), a well-

established technique for MI detection.20–24 The advent of dual-source cardiac CT has 

allowed acquisitions to be obtained at high heart rates and with improved temporal 

resolution.25–27

We performed a comprehensive cardiac CT examination as part of an initial feasibility study 

of CTP and sought to determine the accuracy of each component of this protocol (CTP, 

DCE, and cine) versus the current clinical imaging standard, SPECT-MPI, as well as using a 

clinical reference standard (taking into account all available patient information), according 

to the American Heart Association (AHA) “universal definition” of MI.28 We sought to test 

the hypothesis that a comprehensive protocol that used multiple phases of CT acquisition 

(CTP, DCE, and cine) would be more accurate for detecting myocardial infarction than each 

individual acquisition and that delayed images would have the highest accuracy compared 

with CTP and cine images.

Methods

Images were obtained as part of a feasibility trial in which patients underwent myocardial 

CTP, including delayed enhancement images with dual-source, electrocardiogram (ECG)–
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gated technique. Most patients also had invasive coronary angiography (ICA). Our 

institutional review board approved the study protocol. Written informed consent was 

obtained before subject enrollment. Compliance with the Health Insurance Portability and 

Accountability Act was maintained. The stress perfusion component of the data was 

reported previously in separate analyses of a smaller series of patients used to evaluate the 

feasibility and accuracy of stress CTP compared with quantitative coronary angiography and 

SPECT-MPI,4 the incremental value of stress CTP compared with CTA,29 and the interscan 

reliability of stress CTP compared with SPECT MPI.3 Astellas Pharma (Deerfield, IL) 

provided partial support, supplying the adenosine and research grant support. The authors 

maintained full control of the data and performed the statistical analysis.

Study subjects

In this study, a cohort of 48 patients was prospectively enrolled as part of a research protocol 

to test the feasibility and diagnostic accuracy of CTP in a population with moderate-to-high 

risk of CAD. Inclusion criteria were patients with an intermediate-to-high likelihood of 

CAD and who also had a SPECT study within 60 days of the CTP. Exclusion criteria were 

acute coronary syndrome, decompensated heart failure, advanced heart block, asthma, 

critical aortic stenosis, systolic blood pressure, < 90 mm Hg, known allergy to iodinated 

contrast, serum creatinine. > 1.5 mg/dL, pregnancy, and atrial fibrillation. Patient 

characteristics are listed in Table 1.

Myocardial CT viability protocol

Comprehensive cardiac CT was performed with a first-generation 64-slice dual-source 

scanner (Somatom Definition; Siemens Medical Solutions, Forchheim, Germany). An 

intravenous catheter was placed in the right antecubital vein for contrast injection. A second 

intravenous catheter was placed in the left antecubital fossa for injection of adenosine for 

pharmacologic stress perfusion imaging, as was analyzed and reported previously.4

After scout images, adenosine infusion was initiated at a rate of 140 μg/mL. After 1 minute, 

contrast timing was determined by test bolus injection, with a region of interest in the 

proximal ascending aorta, as follows: 10–15 mL of contrast (370 mg of iopamidol/mL; 

Isovue-370; Bracco Diagnostics, Princeton, NJ) at 4 mL/s, followed by 20-mL saline flush. 

After ≥3 minutes of adenosine infusion, stress phase retrospective acquisition was 

performed. Iopamidol was injected at 4–5 mL/s according to the scanning duration (mean, 

65.8 mL). Cardiac CT was acquired from the carina to the diaphragm with helical-mode 

retrospective ECG gating. Images were acquired at 2 × 32 × 0.6 mm (number of x-ray 

sources × number of detector slices × slice thickness) with the use of a gantry rotation time 

of 330 milliseconds with a half-scan reconstruction algorithm (temporal resolution, 83 

milliseconds). A z-flying focal spot was used in retrospective-gated modes to acquire 64 

overlapping slices per rotation with a sampling distance of 0.3 mm at the isocenter. The tube 

voltage was selected according to the body mass index (BMI): 100 kV for BMI, < 30 kg/m2 

and 120 kV for BMI ≥ 30 kg/m2. Tube current was varied from 230 to 370 mA according to 

patient size. ECG-based tube current modulation was implemented with a pulsing window 

of 60%–70% of the R-R interval for peak reference milliampere, and 20% of the peak 
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reference milliampere for the remainder of the R-R cycle. Automatic heart rate–based 

adaptive pitch selection (0.2–0.5) was enabled.

These cine images were reconstructed at 5% R-R intervals and used for assessment of global 

and regional LV function and structure and particularly for detection of RWMAs. In prior 

trials, stress myocardial perfusion and coronary CTA were also assessed during this 

acquisition.4

Approximately 5 minutes later, a rest phase, axial-mode prospectively ECG-triggered 

acquisition centered at 65% of the R-R interval was then performed with a tube current 

varying from 150 to 258 mA, based on patient size and a section thickness of 0.75 mm 

(collimation, 32 × 0.75 mm). The same tube voltage (100 or 120 kV) and approximately the 

same contrast material volume were used for the first and second image acquisitions. In 

some cases, rest acquisition required ≤70 mL of contrast (mean, 62.2 mL) to allow for a 

longer scan time because of table movement and ECG synchronization to every second 

heartbeat.

Approximately 10–15 minutes after the initial contrast-enhanced CTA, a third, delayed 

phase acquisition was performed (Fig. 1). There was an average of 13 minutes, 16 seconds 

between initial contrast administration and acquisition of the delayed images. An axial-mode 

prospectively ECG-triggered acquisition centered at 65% of the R-R interval was performed 

with a tube current varying from 150 to 258 mA, a tube voltage of 100kV, and a section 

thickness of 1.2 mm (collimation, 19 × 1.2 mm). No additional contrast was given during 

this acquisition. Radiation dose recorded for the protocol includes all 3 acquisitions, scout 

views, and test bolus images. Total radiation dose is mentioned as dose-length product 

(DLP).

Data analysis

Two experienced investigators (B.B.G. and R.C.C.) independently analyzed each component 

of the cardiac CT datasets in blinded fashion. Images were interpreted on an independent 

workstation. Readers were provided only the short-axis images and allowed to adjust the 

window width and window level to their own preference. DCE, rest perfusion, and cine 

image sets were each assessed separately with a random order of patients that varied 

between the image sets. A final combined read that all 3 phases of imaging (delayed, rest 

perfusion, and cine images) was performed. The American College of Cardiology (ACC) 

AHA 17-segment model for standardized myocardial segmentation was used for image 

interpretation.30A joint consensus reading session was then performed to resolve any 

discrepancies, and consensus was achieved in all cases.

Image analysis for the detection of wall motion abnormality—Cine loops were 

visualized in the short-axis (basal, mid, apical), 2-chamber, and 4-chamber views. Wall 

motion was rated as normal, hypokinetic, akinetic, and dyskinetic. Structural abnormalities, 

including myocardial thinning, calcification, and fatty metaplasia, were also recorded.

Image analysis for the detection of rest perfusion defect—Rest-phase CT scans 

were reconstructed by multiplanar reformation in the short-axis view with a slice thickness 
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of 8 mm. A smooth to medium-smooth convolution kernel (B26f or B30f) was applied. The 

LV myocardium was assessed for the presence of rest perfusion defect (RPD). Degree of 

perfusion defect was rated on a 4-point scale (0 = no perfusion defect, 1 = mild defect, 2 = 

moderate defect, 3 = severe defect). For any perfusion defect (1–3), the transmurality was 

rated on a 3-point scale (1 = defect is subendocardial only, 2 = defect extends into 

myocardium, 3 = transmural).

Image analysis for the detection of DCE—Delayed-phase dual-source CT scans were 

reconstructed in similar fashion to the rest-phase scan above. The LV myocardium was 

assessed for the presence of local DCE. Degree was rated on a 4-point scale (0 = no DCE, 1 

= mild DCE, 2 = moderate DCE, 3 = severe DCE), and the transmurality was rated on a 3-

point scale (1 = defect is subendocardial only, 2 = defect extends into myocardium, 3 = 

defect is transmural).

Image analysis for combinations of techniques—Combinations of CT techniques 

were evaluated with the use of the “believe the positive” rule, meaning that the overall test 

result, combining for example rest and delayed images, was positive if the result of ≥1 of the 

tests (rest or delayed) was positive. If both tests were negative, the overall test result was 

negative.

Combined analysis

All available scans were viewed in total for a final, combined analysis. Readers were 

provided sets of the cine, rest perfusion, and DCE series, as well as the results of their prior 

individual phase readings. The reader then was given the opportunity to form an impression 

on the basis of all available imaging, rather than only a single phase.

Image quality and confidence—Image quality (IQ) and confidence levels (CLs) were 

subjectively rated by the readers on a 4-point scale (IQ: 1 = poor, 2 = good, 3 = very good, 4 

= excellent; CL: 1 = no confidence, 2 = low confidence, 3 = intermediate confidence, 4 = 

high confidence).

Quantification of DCE—DCE was defined as regions of increased signal intensity 

compared with normal remote myocardium (myocardium with no evidence of wall thinning, 

fatty infiltration, or calcification), and with a mean difference of ≥20 HU. DCE was 

measured with regions of interest placed within the hyperenhanced regions. Regions of 

interest were also measured in remote myocardium and in the LV cavity. The contrast-to-

noise ratio (CNR) was calculated with a previously described method.31

Reference standard—All available clinical history, ECG, SPECT (n = 48), ICA (n = 39), 

and echocardiography (n = 34) were reviewed independently of CT results for final MI 

adjudication according to the 2007 AHA Task Force universal definition of MI.28 Non-CT 

imaging results were recorded by myocardial segment to compare with CT segmental 

readings. The reference standard was adjudicated in an independent and blinded fashion by 2 

trained cardiologists (H.M.M. and R.B.) who were blinded to the CT findings.
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Statistical analysis

Continuous variable data are reported as means ± SDs, and categorical variable data are 

presented as percentages. Differences between continuous variables were assessed by t tests, 

and differences between categorical variables were assessed by chi-square tests. The 

diagnostic accuracy of various CT phases for the detection of infarction, using the reference 

MI as a standard, was expressed as sensitivity, specificity, positive predictive value, negative 

predictive value, and accuracy with a corresponding binomial 95% CL. Calculations were 

performed on both a per-vessel (left anterior descending, left circumflex, and right coronary 

arteries) and per-patient basis. JMP software (SAS Institute Inc, Cary, NC) was used for 

statistical analysis.

Results

Patient characteristics

Patient characteristics are summarized in Table 1. A total of 24 of 48 patients (50%) 

included in the cohort had a final diagnosis of MI by the universal AHA definition. The 

difference in mean age between patients with and without evidence of reference MI (63.3 ± 

10.2 and 61.2 ± 11.0, respectively; P = 0.35) was not significant. Patients with reference MI 

tended to be male and were likely to have dyslipidemia, reported history of MI, prior 

revascularization, and history of statin use.

Diagnostic accuracy

On a per-patient basis (Table 2), the diagnostic accuracy of our CT viability protocol for 

infarct detection versus the reference standard was 90% for the combined read. Individually, 

DCE and cine images each had an accuracy of 83%, whereas rest images had an accuracy of 

79%. The sensitivity of rest images was 67% compared with 79% for both DCE and cine 

images. Of the individual phases, rest images had the highest specificity at 92%. When 

comparing combinations of techniques and applying the believe the positive rule, a 

combination of DCE and cine images showed the highest sensitivity (92%) compared with 

the other two combinations (83%) and had the highest accuracy (85% vs 83%, 81%).

On a per-vessel basis (Table 2), the diagnostic accuracy of the CT viability protocol for 

infarct versus the reference standard was 83% (the combined reading with all images). This 

was similar to the accuracies of individually interpreted DCE (82%), rest (81%), and cine 

(82%) images. Similar accuracies were derived through higher sensitivity in the combined 

read over the individual interpretations (82% for combined vs 56%, 56%, 65% for DCE, 

rest, and cine, respectively) and lower specificity in the combined read compared with the 

individual interpretation (83% combined vs 90%, 89%, 87% for DCE, rest, and cine, 

respectively). When analyzing various combinations of 2 techniques in a per-vessel analysis, 

no combination was significantly different from the others. Example CT images and 

corresponding SPECT and invasive angiography, when applicable, are shown for patients 

with proven infarcts (Fig. 2 and Fig. 3) and in a patient without any evidence of infarct (Fig. 

4).
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Image quality and reader confidence

Table 3 summarizes the readers’ subjective ratings of image quality and diagnostic 

confidence for the delayed, rest, and cine images. Readers’ assessment of image quality and 

confidence both tended to be lower for the delayed and cine images when interpretations 

were “incorrect” (ie, false positive or false negative) compared with “correct” (ie, true 

positive or true negative). Readers’ assessment of rest image quality and confidence showed 

no statistical difference between correct and incorrect interpretations.

Scan parameters

The mean tube voltages for the cine, rest, and delayed scans were 117 ± 7 kV, 117 ± 7 kV, 

and 100 ± 4 kV with corresponding mean tube currents of 332 ± 36 mA, 195 ± 42 mA, and 

189 ± 24 mA. The average radiation dose during the stress, rest, and delayed scans were 

DLPs of 601 ± 236 mGy $ cm, 134 ± 39 mGy $ cm, and 74 ± 20 mGy $ cm, respectively, 

for a total average DLP of 805 mGy $ cm. The average heart rates for the stress, rest, and 

delayed scans were 76, 65, and 65 beats/min, respectively.

Window width and level

Readers preferred a relatively narrow display window width and level for interpretation, 

which varied slightly for each case but maintained ratios of window width to level between 

0.7 and 1.8 for the delayed images and between 0.6 and 2.1 for the rest images. The average 

preferred windows for delayed images were width of 208 ± 58, level of 155 ± 30, and a ratio 

of 1.3 ± 0.2, and for rest images readers preferred window width of 230 ± 58, level of 131 ± 

37, and a ratio of 1.4 ± 0.3.

Contrast-to-noise ratio

CNRs were calculated with measurements of CT attenuation in areas of delayed 

enhancement on the delayed images, along with CT attenuations in remote normal 

myocardium and in the LV cavity. The mean CNR for abnormal delayed enhancement was 

1.63. This analysis was performed only in the 22 cases that were interpreted as positive for 

infarct on delayed images. The mean attenuation was 85 HU for remote myocardium, 119 

HU for the LV cavity, and 111 HU in the areas of delayed enhancement.

Discussion

In this analysis, a comprehensive CT viability protocol showed high accuracy for the 

detection of infarct compared with the universal definition of MI. We demonstrated that a 

combined interpretation of all techniques of CT imaging, including wall motion, rest 

perfusion, and delayed enhancement, was more accurate (90% per patient, 83% per vessel) 

for the detection of MI than each of the individual phases when assessed alone. However, the 

findings of delayed enhancement combined with cine wall motion images were nearly as 

accurate (85%) on a per-patient level and were more sensitive (92%). These findings suggest 

cardiac CT is a feasible method to accurately detect prior MI in patients with a high 

probability of CAD compared with the AHA 2007 universal definition.
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Others have previously evaluated the use of CT for the detection of MI in both the acute and 

chronic setting and separately against a histologic “gold standard” in animal models.18,32,33 

Although the AHA universal definition for MI is currently widely used in clinical research,
28 the single imaging test with the best diagnostic profile is late gadolinium enhancement 

during cardiac MRI.24 However, MRI is sometimes contraindicated for a number of reasons, 

including the presence of a pacemaker/defibrillator, claustrophobia, or if local expertise is 

not available. Conversely, cardiac CT is more widely available and can be rapidly performed 

and interpreted, particularly if clinical information about coronary stenosis detection is 

needed.

Other studies have established that CT can detect acute MIs6 and have evaluated CT and 

MRI versus histologic samples.31,33 RPDs usually represent MIs and can frequently be 

detected with a routine CTA protocol, which is performed during first-pass bolus injection of 

contrast.34 Therefore, no incremental radiation expense is associated with a search for MI on 

routine CTA examinations. However, our research shows that incremental increases in 

radiation dose for a combined protocol are small. For example, in addition to a routine 64-

detector row cardiac CT (2–10 mSv),35 cine wall motion images may already have been a 

part of a protocol, and a prospectively triggered delayed phase acquisition could be obtained 

with only a small radiation dose increment of 1–2 mSv, as our study has shown. A single-

phase protocol that uses rest cine imaging (such as a standard retrospectively gated cardiac 

CTA) or acquisition of only a delayed cine phase (with a larger dose of contrast) could be 

implemented. This would allow for the combination of wall motion and either resting 

perfusion defect or delayed contrast enhancement, with a lower total radiation dose (3–9 

mSv with the use of modern cardiac-capable CT scanners).35

An important caveat is that the imaging “gold standard” for MI, DCE (late gadolinium 

enhancement) by cardiac MRI, was not available in any of these subjects. Readings that 

were classified as false positive by CT may have simply been subtle findings that were not 

detectable by other modalities or not captured in the clinical parameters that define the AHA 

universal definition for MI. The only reference standard imaging modality that was available 

in all patients was SPECT, which has lower spatial resolution than CT.36

Although our results are promising, at times we encountered difficulties because of the 

necessarily limited radiation doses, particularly in patients with large body habitus. This low 

dose was accomplished by the use of low kilovolts and milliamperes, when possible, and 

also by the use of prospective triggering. Each of these compromises caused artifacts (the 

former causing noise and worsening beam hardening, the latter causing slab artifacts) that 

can be decreased when using scanners with longer z-axis detector arrays, stronger tube 

currents, and iterative reconstruction techniques that are now becoming available on late-

generation single- and dual-source scanners. Further, contrast doses necessary to visualize 

DCE appear to be greater than those necessary for CTA, and we adjusted our protocol to use 

approximately 140–150 mL of contrast while maintaining a delay time of ~10 minutes.

In addition, because the rest scans were done after the stress scans, there is a possibility of 

late contrast enhancement contaminating the RPDs and thus decreasing sensitivity for 
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infarcts on rest imaging. Tube potential setting changes result in differing attenuation values 

after contrast application; this may limit the quantitative measures and resulting conclusions.

In conclusion, we demonstrated that a comprehensive cardiac CT protocol with 3 phases 

showed incremental accuracy and sensitivity for infarct detection beyond that of any single 

phase. However, the specificity of comprehensive analysis versus single analyses was not 

significantly different. These findings may have implications when designing a clinical CT 

protocol for detecting infarct.
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Figure 1. 
Comprehensive infarct detection protocol. After scout and localizer images were obtained, 

contrast-enhanced cine imaging (retrospective ECG gating with tube current modulation) 

was obtained (this was performed during adenosine stress, but myocardial stress perfusion 

images were not used in the present analysis). Approximately 5 minutes later, prospectively 

ECG-triggered rest perfusion images were obtained during a second contrast bolus infusion. 

Approximately 10–15 minutes later, prospectively ECG-triggered delayed images were 

obtained, without additional contrast for myocardial delayed enhancement imaging.
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Figure 2. 
Chronic myocardial infarction. Rest (A and B) and delayed (D and E) CT images from a 59-

year-old man with a history of prior myocardial infarction, dyslipidemia, and hypertension 

show a chronic infarct in the territory of the left anterior descending artery in the anterior 

wall. Areas of hypoenhancement (white arrow, images A and E) suggest the presence of 

fatty metaplasia, also in the anterior wall. In addition to fat in the anterior wall, abnormal 

contrast enhancement (black arrows, images D and E) is present on delayed images in the 

subendocardium of the anterior wall. SPECT imaging at stress (C) and rest (F) of the same 

patient shows a fixed perfusion defect along the anteroseptal wall (white arrows).
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Figure 3. 
Circumflex infarct. Cardiac CT images (A, B, D, and E), SPECT (C), and invasive 

angiography (F) of a 63-year-old man with a history of dyslipidemia, myocardial infarction, 

and percutaneous coronary intervention (left circumflex, left anterior descending, diagonal 

branch). Regional myocardial thinning in the lateral wall (black arrowhead) on the rest 

images (A and B) and abnormal late contrast enhancement (white arrow) on the delayed 

images (D and E) indicate the presence of infarction in the circumflex territory (inferolateral 

wall). The SPECT image of the short axis of the left ventricle shows moderate ischemia in 

the inferolateral wall (C; white arrow). The angiogram shows occlusion of the mid 

circumflex (F; white arrow) and filling of distal collaterals (arrowhead).
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Figure 4. 
Normal examination. Cardiac CT (A, B, D, and E), SPECT (C), and invasive angiography 

(F) images from a 56-year-old woman with history of dyslipidemia, smoking, and family 

history of CAD, but no history of infarct. Rest images (A and B) and delayed images (D and 

E) are shown in long-axis (A and D) and short-axis (B and E) views that are both used for 

interpretation, according to the AHA standardized myocardial segmentation. SPECT image 

in the short axis of the left ventricle (C) shows normal perfusion at rest, whereas 

angiography during left main injection shows patency of the left anterior descending, left 

circumflex, and all major branches.

Ghoshhajra et al. Page 16

J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2020 February 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ghoshhajra et al. Page 17

Ta
b

le
 1

D
em

og
ra

ph
ic

s 
an

d 
ba

se
lin

e 
ch

ar
ac

te
ri

st
ic

s

P
at

ie
nt

s 
w

it
ho

ut
 r

ef
er

en
ce

 M
I*

 (
n 

= 
24

)
P

at
ie

nt
s 

w
it

h 
re

fe
re

nc
e 

M
I*

 (
n 

= 
24

)
P

A
ge

, m
ea

n 
±

 S
D

, y
61

.2
 ±

 1
1.

0
63

.3
 ±

 1
0.

2
0.

35

M
al

e,
 %

70
.8

95
.8

0.
02

D
ia

be
te

s 
m

el
lit

us
, %

16
.7

29
.2

0.
23

H
yp

er
te

ns
io

n,
 %

83
.3

95
.8

0.
16

D
ys

lip
id

em
ia

, %
79

.2
10

0
0.

02

O
be

si
ty

 (
B

M
I 

>
 3

0 
kg

/m
2 )

, %
37

.5
54

.2
0.

25

Sm
ok

in
g 

hi
st

or
y,

 %
66

.7
66

.7
0.

99
9

E
th

ni
ci

ty
, %

 
W

hi
te

83
.3

83
.3

0.
99

9

 
B

la
ck

12
.5

12
.5

0.
99

9

 
H

is
pa

ni
c

4.
2

4.
2

0.
99

9

Pr
io

r 
m

ed
ic

al
 h

is
to

ry
, %

 
Pr

ev
io

us
 a

ng
in

a
54

.2
58

.3
0.

77

 
Pr

io
r 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n*
12

.5
58

.3
<

0.
00

1

 
Pe

ri
ph

er
al

 v
as

cu
la

r 
di

se
as

e
12

.5
4.

2
0.

30

 
Pr

io
r 

C
V

A
0.

0
0

N
A

 
Pr

io
r 

co
ro

na
ry

 r
ev

as
cu

la
ri

za
tio

n
20

.8
54

.2
0.

02

B
io

m
ar

ke
rs

/li
pi

ds
, m

ea
n 

±
 S

D
, m

g/
dL

 
To

ta
l c

ho
le

st
er

ol
19

1.
1 

±
 5

3.
0

15
7.

0 
±

 4
2.

2
0.

15

 
H

D
L

 c
ho

le
st

er
ol

50
.3

 ±
 2

0.
9

41
.9

 ±
 1

2.
1

0.
16

 
L

D
L

 c
ho

le
st

er
ol

11
5.

5 
±

 5
4.

6
88

.9
 ±

 2
8.

8
0.

11

 
Se

ru
m

 tr
ig

ly
ce

ri
de

s
15

9.
4 

±
 5

4.
8

15
1.

3 
±

 1
22

.3
0.

44

 
Se

ru
m

 c
re

at
in

in
e

1.
1 

±
 0

.2
1.

1 
±

 0
.2

0.
49

B
as

el
in

e 
m

ed
ic

at
io

ns
, %

 
A

sp
ir

in
58

.3
70

.8
0.

37

 
β-

B
lo

ck
er

66
.7

83
.3

0.
18

 
St

at
in

62
.5

91
.7

0.
02

V
ita

l s
ig

ns

J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2020 February 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ghoshhajra et al. Page 18

P
at

ie
nt

s 
w

it
ho

ut
 r

ef
er

en
ce

 M
I*

 (
n 

= 
24

)
P

at
ie

nt
s 

w
it

h 
re

fe
re

nc
e 

M
I*

 (
n 

= 
24

)
P

 
H

ea
rt

 r
at

e,
 m

ea
n 

±
 S

D
, b

ea
ts

/m
in

66
.4

 ±
 1

1.
6

64
.0

 ±
 1

1.
7

0.
41

 
Sy

st
ol

ic
 B

P,
 m

ea
n 

±
 S

D
, m

m
 H

g
14

1.
8 

±
 1

9.
8

13
9 

±
 9

.4
0.

49

 
D

ia
st

ol
ic

 B
P,

 m
ea

n 
±

 S
D

, m
m

 H
g

78
.6

 ±
 9

.9
79

.8
 ±

 9
.7

0.
44

R
ef

er
en

ce
 M

I,
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n 

ac
co

rd
in

g 
to

 2
00

7 
A

H
A

 u
ni

ve
rs

al
 d

ef
in

iti
on

; H
D

L
, h

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n;
 L

D
L

, l
ow

-d
en

si
ty

 li
po

pr
ot

ei
n.

 F
am

ily
 h

is
to

ry
, d

ia
be

te
s,

 a
nd

 d
ys

lip
id

em
ia

 w
er

e 
cl

as
si

fi
ed

 
ac

co
rd

in
g 

to
 d

oc
um

en
ta

tio
n 

in
 th

e 
ca

rd
io

lo
gi

st
’s

 n
ot

es
.

* Pr
io

r 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n 

w
as

 b
as

ed
 o

n 
pa

st
 n

ot
es

 in
 p

at
ie

nt
’s

 c
ha

rt
, n

ot
 a

cc
or

di
ng

 to
 th

e 
20

07
 A

H
A

 g
ui

de
lin

es
 u

se
d 

fo
r 

th
e 

re
fe

re
nc

e 
M

I.

J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2020 February 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ghoshhajra et al. Page 19

Ta
b

le
 2

D
ia

gn
os

tic
 a

cc
ur

ac
y 

of
 C

T
 p

ro
to

co
l v

er
su

s 
re

fe
re

nc
e 

M
I 

pe
r 

pa
tie

nt
 a

nd
 p

er
 v

es
se

l

Se
ns

it
iv

it
y,

 %
 (

95
%

 C
I)

Sp
ec

if
ic

it
y,

 %
 (

95
%

 C
I)

P
P

V
, %

 (
95

%
 C

I)
N

P
V

, %
 (

95
%

 C
I)

A
cc

ur
ac

y,
 %

 (
95

%
 C

I)

Pe
r 

pa
tie

nt

 
D

C
E

79
 (

58
–9

3)
88

 (
68

–9
7)

86
 (

65
–9

7)
81

 (
61

–9
3)

83
 (

70
–9

3)

 
R

es
t

67
 (

45
–8

4)
92

 (
73

–9
9)

*
89

 (
65

–9
7)

73
 (

54
–8

8)
79

 (
65

–9
0)

 
C

in
e

79
 (

58
–9

3)
88

 (
68

–9
7)

86
 (

65
–9

7)
81

 (
61

–9
3)

83
 (

70
–9

3)

 
C

om
bi

ne
d 

in
te

rp
re

ta
tio

n
88

 (
68

–9
7)

92
 (

73
–9

9)
*

91
 (

72
–9

9)
*

88
 (

69
–9

7)
90

 (
77

–9
7)

*

 
D

C
E

 +
 c

in
e

92
 (

73
–9

9)
*

79
 (

58
–9

3)
81

 (
62

–9
4)

90
 (

70
–9

9)
*

85
 (

72
–9

4)

 
R

es
t +

 c
in

e
83

 (
63

–9
5)

79
 (

58
–9

3)
80

 (
59

–9
3)

83
 (

61
–9

5)
81

 (
67

–9
1)

 
R

es
t +

 D
C

E
83

 (
63

–9
5)

83
 (

63
–9

5)
83

 (
63

–9
5)

83
 (

63
–9

5)
83

 (
70

–9
3)

Pe
r 

ve
ss

el

 
D

C
E

56
 (

38
–7

3)
90

 (
83

–9
5)

*
63

 (
44

–8
0)

*
87

 (
79

–9
2)

82
 (

75
–8

8)

 
R

es
t

56
 (

38
–7

3)
89

 (
82

–9
4)

61
 (

42
–7

8)
87

 (
79

–9
2)

81
 (

74
–8

7)

 
C

in
e

65
 (

46
–8

0)
87

 (
80

–9
3)

61
 (

43
–7

7)
89

 (
81

–9
4)

82
 (

75
–8

8)

 
C

om
bi

ne
d 

in
te

rp
re

ta
tio

n
82

 (
65

–9
3)

*
83

 (
74

–8
9)

60
 (

44
–7

4)
94

 (
87

–9
8)

*
83

 (
75

–8
8)

*

 
D

C
E

 +
 c

in
e

71
 (

53
–8

5)
83

 (
74

–8
9)

56
 (

40
–7

1)
90

 (
83

–9
5)

80
 (

72
–8

6)

 
R

es
t +

 c
in

e
74

 (
56

–8
7)

81
 (

72
–8

8)
54

 (
39

–6
9)

91
 (

83
–9

6)
79

 (
72

–8
5)

 
R

es
t +

 D
C

E
74

 (
56

–8
7)

85
 (

76
–9

1)
60

 (
43

–7
1)

91
 (

84
–9

6)
82

 (
75

–8
8)

 
SP

E
C

T
85

 (
69

–9
5)

97
 (

92
–9

9)
91

 (
75

–9
8)

96
 (

90
–9

9)
94

 (
89

–9
8)

PP
V

, p
os

iti
ve

 p
re

di
ct

iv
e 

va
lu

e;
 N

PV
, n

eg
at

iv
e 

pr
ed

ic
tiv

e 
va

lu
e.

* H
ig

he
st

 v
al

ue
.

J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2020 February 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ghoshhajra et al. Page 20

Ta
b

le
 3

Im
ag

e 
qu

al
ity

 a
nd

 c
on

fi
de

nc
e

C
on

se
ns

us
T

ru
e 

po
si

ti
ve

 o
r 

tr
ue

 n
eg

at
iv

e
F

al
se

 p
os

it
iv

e 
or

 f
al

se
 n

eg
at

iv
e

P

D
el

ay
ed

 I
Q

2.
5

2.
6

2.
1

0.
02

R
es

t I
Q

3.
0

3.
0

3.
1

0.
92

C
in

e 
IQ

3.
0

3.
1

2.
7

0.
08

D
el

ay
ed

 c
on

fi
de

nc
e

2.
8

2.
8

2.
4

0.
05

R
es

t c
on

fi
de

nc
e

2.
9

2.
8

2.
9

0.
88

C
in

e 
co

nf
id

en
ce

3.
1

3.
2

2.
7

0.
04

R
at

in
gs

 a
re

 s
ub

je
ct

iv
e,

 o
n 

a 
sc

al
e 

fr
om

 1
 to

 4
, w

ith
 1

 b
ei

ng
 th

e 
lo

w
es

t d
eg

re
e 

of
 c

on
fi

de
nc

e 
an

d 
4 

be
in

g 
th

e 
hi

gh
es

t d
eg

re
e 

of
 c

on
fi

de
nc

e.

J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2020 February 21.


	Abstract
	Introduction
	Methods
	Study subjects
	Myocardial CT viability protocol
	Data analysis
	Image analysis for the detection of wall motion abnormality
	Image analysis for the detection of rest perfusion defect
	Image analysis for the detection of DCE
	Image analysis for combinations of techniques

	Combined analysis
	Image quality and confidence
	Quantification of DCE
	Reference standard

	Statistical analysis

	Results
	Patient characteristics
	Diagnostic accuracy
	Image quality and reader confidence
	Scan parameters
	Window width and level
	Contrast-to-noise ratio

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3

