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Abstract

There is increasing interest in dual-energy CT (DECT) to evaluate myocardial 
blood supply, as addition to coronary artery morphological assessment. Although 
still in early clinical phase, assessment of myocardial ischemia and infarction by 
DECT seems a promising step towards comprehensive evaluation of coronary 
heart disease with a single non-invasive modality. Compared to dynamic 
CT approaches, DECT has advantages regarding radiation dose and clinical 
applicability. In this review, the current status of the literature is discussed. 
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Coronary artery disease (CAD) is still a major societal health problem, despite 
ongoing improvements in invasive and non-invasive techniques for diagnosis 
and treatment. In the US, CAD is the cause of death in about one out of five 
inhabitants and is associated with annual costs of about US $165 billion (1). In 
patients suspected of having significant CAD, the aim is to detect coronary artery 
luminal narrowing, so-called stenosis, with hemodynamically relevant effect on 
myocardial perfusion, i.e. resulting in ischemia in stress situations. Exactly which 
coronary artery stenosis reduces myocardial blood flow is difficult to assess based 
on morphology alone, especially if the stenosis is of intermediate severity (30-80% 
luminal narrowing) (2). Thus, both anatomical and functional testing is usually 
required to identify patients who could benefit from coronary intervention. Earlier 
developments in imaging techniques primarily focused on either morphological 
or functional assessment of CAD, i.e. evaluation of coronary artery stenosis or 
myocardial perfusion. However, especially with recent improvements in CT 
regarding spatial and temporal resolution at decreasing radiation dose, as well as 
the clinical introduction of dual-energy CT (DECT), the desired goal of a single, 
non-invasive imaging modality for assessment of both morphology and function 
in CAD may have come closer. 

In this review, the current status of the literature regarding the technique and uses 
of DECT for the heart is discussed.

Non-invasive assessment of hemodynamically significant 
coronary artery stenosis

In the last decade, contrast-enhanced, electrocardiographically (ECG)-gated CT 
has quickly gained a role in evaluation of the fast-moving coronary arteries, with 
64-multidetector CT and newer CT generations showing excellent sensitivity 
and negative predictive value and good specificity for coronary artery stenosis 
(3-5). CT angiography of the coronary arteries is now an accepted modality to 
exclude significant coronary artery stenoses in patients at low to intermediate 
risk of CAD (6, 7). However, the mere presence of coronary artery diameter 
reduction of 50% or more, which is the threshold most commonly used to 
describe significant stenosis, does not necessarily result in decreased myocardial 
perfusion. In studies comparing coronary artery stenosis on coronary CT 
angiography with myocardial perfusion defects on magnetic resonance imaging 
(MRI) or single-photon emission computed tomography (SPECT), CT 
angiography was not accurate in predicting ischemia (8,9). It is generally accepted 
that the hemodynamic significance of coronary artery stenosis cannot be reliably 
determined without information on perfusion or wall motion of the myocardium 
during stress (by exercise or pharmacologically induced) and rest. In the ischemic 
cascade, stress perfusion abnormalities occur at a much earlier stage than wall 
motion abnormalities (10) and are therefore considered a more sensitive sign of 
hemodynamically significant stenosis. 
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So far, myocardial perfusion imaging in stress and in rest has been performed 
by using nuclear scan techniques, namely SPECT and positron emission 
tomography (PET), and, more recently, MRI. Nuclear imaging tests are 
known to have therapeutic and prognostic implications (11), but suffer from 
disadvantages like radiation dose, cost, availability, and attenuation artifacts. MRI 
has advantages compared to nuclear imaging tests due to its lack of radiation 
dose and superior spatial resolution. Evidence is accruing that MRI has higher 
sensitivity than SPECT for significant CAD (12, 13). While different approaches 
have been tried and are in clinical use to integrate imaging data on coronary 
artery morphology and myocardial perfusion from different imaging modalities, 
one non-invasive imaging modality providing a conclusive diagnosis of significant 
CAD is clearly preferable in view of diagnostic and potentially cost- efficiency, 
and patient comfort. Currently, no single imaging test yields adequate anatomical 
plus functional information to make a conclusive diagnosis. CT, and specifically 
DECT, could potentially change this reality in the future. 

CT beyond coronary artery morphology: assessment of myo-
cardial blood supply

The primary and foremost role of CT in CAD diagnosis is its unique capability 
to non-invasively evaluate coronary artery stenosis (14). The potential to assess 
myocardial blood supply with CT is of secondary importance, and should generally 
only be considered in the context of morphological evaluation, without negatively 
affecting the quality of coronary artery imaging data. Nevertheless, coronary CT 
angiography data acquired with retrospectively ECG-gated (15, 16) or new, lower 
radiation dose prospectively ECG-triggered (17) techniques inherently includes 
ancillary information on myocardial blood supply that may be of advantage. This 
is also true for DECT acquisition techniques, as explained below. CT evaluation 
at rest theoretically only allows detection of fixed myocardial perfusion defects 
(i.e., generally myocardial infarction). Several studies have supplemented coronary 
CT angiography acquisitions at rest with an additional scan acquired during 
pharmacological stress, with the goal of also detecting reversible perfusion defects 
(i.e., stress-induced myocardial ischemia) (18, 19). CT assessment of myocardial 
blood supply and infarction is based on assumptions comparable to MRI: contrast 
agents for CT and MRI have similar contrast kinetics, both for the evaluation of 
the myocardial blood supply and for the assessment of myocardial viability (20). 
Two fundamentally very different approaches are used for CT-based assessment 
of the myocardial blood supply in stress and in rest. One is the time-resolved 
image acquisition at multiple time-points during the passage of a contrast medium 
bolus through the myocardium. The so-called dynamic CT technique has been 
extensively reviewed in this journal earlier this year (21). The second approach 
is the visual, qualitative assessment of myocardial blood supply during the early 
arterial phase of myocardial contrast medium attenuation. We will focus on the 
latter technique, as this is the strategy applied in DECT. Occasionally, the second 
approach is inaccurately called  perfusion  imaging - in reality this strategy 
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yields a static image of contrast medium distribution within the myocardium, 
reflecting the myocardial blood pool at the specific moment of image acquisition. 
During the early arterial phase, myocardial segments with reduced blood supply 
have diminished delivery of contrast material, which can be visible as an area of 
hypo-attenuation on conventional, single-energy cardiac CT (22, 23). These areas 
are called myocardial perfusion defects, indicative of ischemia and/or infarction. If 
hypoattenuated areas are visible at stress only, this indicates myocardial ischemia; 
if hypoattenuation persists at rest, this is suggestive of infarction. Iodine-based 
CT contrast agents are thought to accumulate in the intracellular space of 
irreversibly damaged cardiomyocytes in myocardial infarction in a similar fashion 
as gadolinium and can subsequently be detected by delayed enhancement CT 
imaging. At CT scanning about 5-10 minutes after contrast injection, areas of 
non-viable myocardium can present as areas with hyper enhancement (20).

DECT technology for evaluation of myocardial blood      
supply and infarction

CT first-pass imaging faces limitations as it is dependent on accurate bolus 
timing, and beam-hardening artifacts at the interface of the endocardial border 
with the contrast medium filled left ventricle can decrease assessability (24, 25). 
For detection of delayed hyperenhancement as sign of myocardial non-viability, 
CT has a rather low signal-to-noise ratio compared to MRI. MRI can null the 
myocardium to enhance the conspicuity of hyper-enhancing areas, a means that 
CT generally lacks, at least when performed in single-energy technique. The 
DECT technique has a considerable advantage over single-energy CT as it makes 
myocardial perfusion defects more conspicuous compared to single-energy CT 
evaluation, especially when reconstructed as iodine color map (26) (see figure 
1). In our own experience, also areas of delayed enhancement can become more 
pronounced in DECT mode. 

As has been explained in previous articles in this supplement, DECT involves 
acquisition of image data at more than one energy X-ray spectrum during one 
CT examination. Iodine as contrast material has unique absorption characteristics 
when penetrated with X-ray spectra of different energy levels, which allows 
mapping the myocardial iodine distribution. The DECT approach does not cost 
extra scan time or radiation dose compared to a  normal  retrospectively ECG-
gated coronary CT angiography. In the heart, this approach has been mainly 
evaluated with dual-source CT technology (26-29). The two-tube, two-detector 
configuration of this scanner type allows for simultaneous acquisition of image 
data at high (140 kV) and low (80 or 100 kV) energy levels, as the two X-ray 
tubes, off-set by about 90o, can be operated independently concerning kV and mAs 
(24). Initially, the application of DECT in cardiac imaging yielded a decreased 
temporal resolution (165 ms instead of 83 ms) (27), which could have the 
unwanted effect of reduced diagnostic performance of coronary CT angiography 
for stenosis detection. However, meanwhile the optimal temporal resolution of 
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83 ms (first generation dual-source CT) or 75 ms (second generation dual-source 
CT) has been restored for cardiac DECT applications (30). Other strategies for 
obtaining multiple energy CT acquisitions during one CT examination include 
rapid kVp switching based on single-source CT (31), and compartmentalization 
of detected x-ray photons into energy bins by detectors of a single-source CT 
scanner operating at constant kV and mA settings (32). So far, the only scientific 
publication on cardiac DECT using a non-dual-source CT system concerned a 
feasibility study in pigs (31).

Figure 1: 50-year old man with recurrent chest pain after prior myocardial infarction in 
LAD territory and surgical revascularization. Short-axis image of SPECT (a) and MRI (b) 
examination at rest. Corresponding short-axis cross-section for contrast-enhanced dual-energy 
CT study at rest (c-e), reconstructed as merged grey-scale image (c), with superimposed iodine 
distribution color map (d) and as single-energy image (e). The anteroseptal wall of the left 
ventricle shows a subendocardial perfusion defect at SPECT and MRI at rest, suggestive of 
infarction. This is also visible on merged gray-scale and especially the iodine color map, but not 
on the single-energy image.
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DECT data acquisition and image processing

A DECT scan protocol for evaluation of myocardial perfusion defects commonly 
involves three phases (see figure 2), with image data acquisition at rest, at peak 
adenosine stress, and about 6 min after the last contrast injection (so-called delayed 
acquisition). As a standard, the protocol starts with prospectively ECG-triggered 
non-enhanced CT for calcium scoring. Then, contrast-enhanced DECT series 
are obtained. A common dual-source CT protocol is as follows: data acquisition 
with retrospective ECG-gating, ECG-dependent tube current modulation, 280 
(second generation)-330 (first generation dual-source CT) ms gantry rotation 
time, heart rate-dependent pitch of 0.20-0.43, and 1.5 mm reconstructed slice 
thickness with 1 mm overlap. 

One tube of the dual-source CT system is operated with 150 mAs/rotation at 140 
kVp with a selective photon shield (Sn filter), and the second tube with 165 mAs/
rotation at 80-100 kVp. The rest acquisition is generally also used for coronary 
angiography evaluation with reconstruction of thin slices at optimal temporal 
resolution. Similar to adenosine stress perfusion MRI, stress testing using DECT 
is performed administering adenosine for 2-5 minutes with a rate of 140 mg/min/
kg under physician supervision, or after a single injection of 0.4 mg of regadenoson. 
At peak pharmacological stress, a second bolus of iodine contrast medium is 
injected, and stress image acquisition is subsequently performed. Rest and stress 
examinations should be contrast-enhanced, in our institution this involves 70 
ml of iopromide (370 mgI/ ml Ultravist, Bayer) for both rest and stress, using 
a dual-syringe injector (Stellant D) and automated bolus triggering. CT-based 
approaches including DECT for the assessment of myocardial viability ordinarily 
involve standard non-enhanced cardiac CT techniques with retrospective ECG-
gating or prospective ECG-triggering. Prospective ECG-triggering significantly 
limits radiation dose compared to retrospective ECG-gating (33).

Figure 2: Schematic representation of a typical DECT protocol for assessment of defects in 
myocardial blood supply involving pharmacological stress.
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DECT scan series are reconstructed with a dedicated, dual-energy convolution 
kernel (D30f ). From the DECT raw data, four different image sets can be 
obtained (figure 3). The first two are single-energy CT reconstructions, based on 
either the high kVp or low kVp raw data. The third data set contains part of the 
high kVp data and part of the low kVp data (usually 50-70% of the 140 kVp data 
and 50-30% of the 80/100 kVp). The last reconstruction is yields a color map of 
iodine content within the myocardium. The iodine distribution is determined on 
the basis of the unique x-ray absorption characteristics of this element at different 
kV levels. The attenuation of corresponding regions of interest in the epicardial 
fat in high kVp and low kVp datasets is measured and used for calibration of 
the heart perfusion blood volume algorithm using DECT image post-processing 
software (Heart PBV within syngoDualEnergy, Siemens, Forchheim, Germany). 
Ideally, the iodine maps are normalized to areas of normal myocardial perfusion, 
because the datasets contain a broad range of iodine concentrations (34). 

Finally, the maps can be color coded for better assessability of myocardial perfusion 
defects. The resulting maps of iodine distribution are often superimposed onto 
grey-scale multiplanar reformats of the myocardium in short- and long-axis views, 
from which the iodine content in the voxels had been electronically (virtually) 
removed. The DECT raw data also allow standard reconstruction for coronary 
CT angiography (kernel B75f, 0.75 mm slice thickness), at maintained optimal 
temporal resolution (140-165 ms). Evaluation of DECT scan series requires some 
software processing and subsequent visual analysis of perfusion defects, with about 

Figure 3: Schematic representation of DECT image data processing and example of resulting 
image.
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5-10 minutes extra reading time. Figure 4-6 provide imaging examples of patients 
undergoing stress-rest DECT and correlative imaging by SPECT and MRI. 
Preliminary patient data (19, 35) show that combined CT-based approaches for 
imaging of the coronary arteries, myocardial blood supply evaluation during stress 
and rest, and myocardial viability can be accomplished at radiation doses of about 
15 mSv using dual-source CT. This radiation dose compares favorably with that 
of SPECT myocardial perfusion imaging (about 10mSv for 99mTc and 20-40 mSv 
for 201Tl) and dual-isotope myocardial viability assessment (about 30 mSv) (36, 
37). Estimates for CT protocols using rapid peak-kilovoltage switching based on 
single-source CT are not available to date, but likely exceed diagnostic radiation 
dose values for dual-source CT, because the tube current for the two energy levels 
cannot be adapted without resulting in increased image noise of low-kilovoltage 
images.

DECT for assessment of myocardial ischemia

The clinical evidence on DECT imaging for evaluation of the hemodynamic 
significance of coronary artery stenosis is so far limited and mainly concerns 
initial experience studies (19, 27-29, 38). In the first study in this field, Ruzsics 
et al. studied 36 patients with equivocal or incongruous SPECT results. In all 
patients, rest DECT data were obtained with first generation dual-source CT, 
also used to reconstruct coronary angiographic images. In total 157 segments 
showed perfusion defect on SPECT (89 fixed). DECT had 92% sensitivity and 
93% specificity for detection of any myocardial perfusion defect on SPECT, and 
correctly identified 96% of fixed and 88% of reversible myocardial perfusion 
defects. Inter-observer agreement was very good. In a second study, Wang et 

Figure 4: 75-year old male patient with chest pain and shortness of breath during exercise. 
Reversible perfusion defect of the anteroseptal wall seen on stress-rest SPECT, horizontal long 
axis images (a stress, b rest). Corresponding views for stress-rest DECT also show contrast defect 
in the septum in stress (c, e), not present at rest (d, f ). The coronary CT angiography showed 
significant stenoses in the proximal LAD and ramus intermedius (g), in the LCx, and in the 
proximal RCA (h). Patient subsequently underwent coronary artery bypass grafting.
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al. investigated rest DECT in 34 patients with abnormal SPECT or known 
CAD (29). DECT showed diagnostic image quality in 31 patients. DECT had 
68% sensitivity and 93% specificity compared to SPECT, for detection of any 
myocardial perfusion defect.

Combined CT evaluation of coronary artery morphology (by CTA) and myocardial 
blood supply (by rest DECT) affected test characteristics when compared to CTA 
alone with small improvement in diagnostic accuracy (from 86% to 88%), using 
invasive coronary angiography as reference standard. In a small patient cohort of 
20 patients, myocardial blood supply was evaluated by second generation dual-
source CT (19). Stress-rest DECT was compared to adenosine-stress dynamic 
CT with all patients undergoing one of the two techniques. The diagnostic 
accuracy of CT was compared to SPECT, with MRI as reference standard. Test 
characteristics for DECT on a segment basis were 93% for sensitivity and 99% for 

Figure 5: . 59-year old female patient with known non-ischemic cardiomyopathy, undergoing 
imaging because of increased shortness of breath. A and B, stress (A) and rest (B) short-axis 
images show predominantly fixed perfusion defect of the septum. C-E, However, no perfusion 
defects are visualized on the stress (C) and rest (D) MRI or delayed enhancement series (E). 
Left ventricle is enlarged on the MRI. The stress-rest DECT images reconstructed as iodine 
color map superimposed on merged grey-scale image (F and G) and delayed CT image in similar 
reconstruction (H) shows comparative results to the MRI. The imaging findings on the SPECT 
examination were assumed to be caused by left bundle branch block, despite slight increase of 
defect.
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specificity, similar to dynamic CT and SPECT. In two studies by the same author, 
Ko et al. included 41 to 45 patients with clinical indications for conventional 
coronary angiography (28, 38). All patients underwent rest and adenosine-stress 
DECT by first generation dual-source CT. In the first analysis, the performance 
of DECT on a myocardial segment basis was compared to adenosine-stress 
MRI (in 28 patients) and invasive coronary angiography (in 41 patients) (38). 
Stress-rest DECT identified 89% of reversible perfusion defects on MRI, and 
had 82% specificity. DECT had a sensitivity of 89% and specificity of 76% for 
detection of vascular territories with significant stenosis on conventional coronary 
angiography. In the second analysis, the additional value of stress-rest DECT 
to coronary CT angiography was evaluated, compared to conventional coronary 
angiography as reference standard (28). All patients had at least one significant 
stenosis on CT, in 42 confirmed on conventional coronary angiography. There was 
a minimal increase in sensitivity on a vessel basis when the results from myocardial 
blood supply evaluation on stress-rest DECT were added to CT angiographic 
assessment of coronary artery stenosis, from 91.8% to 93.2%. Especially the 
specificity showed improvement, from 67.7% to 85.5%. Positive predictive value 
increased from 73.6% to 88.3%, and negative predictive value from 87.5% to 
91.4%. The area under the receiver operating characteristic curve as measure 
of ability to discriminate between vessels with and without hemodynamically 
significant stenosis also increased significantly. These initial results suggest that 
addition of adenosine DECT may reduce false positive CTA evaluations. While 
the initial results on DECT for assessing hemodynamic significance of coronary 
artery stenosis are encouraging, studies were so far performed in small patient 
cohorts with selected bias due to specific recruitment of subjects with positive 
SPECT results, leading to overoptimistic test characteristics. Larger prospective 
patient cohorts are needed to determine the diagnostic accuracy of DECT for 
assessment of myocardial perfusion defects in more detail.

Interestingly, in studies acquiring only rest DECT perfusion images, the majority 
of perfusion defects on both rest and stress SPECT scans was detected (27, 29). 
The fact that rest DECT can identify reversible perfusion defects that are only 
visible on stress SPECT, may be related to different factors. CT has a superior 
spatial resolution compared to SPECT, which can allow detection of smaller, 
especially subendocardial, areas of severe ischemia or infarction that are not 
detectable on rest SPECT. Additionally, the iodine contrast medium, as used in 
CT, is considered to have a vasodilatory effect by itself. This may cause hyperemia 
not unlike the response to vasodilator drugs in myocardial perfusion imaging (39). 
Thirdly, the kinetics of iodine contrast medium may have a wider dynamic range 
(40) at increasing coronary blood flow than SPECT, thus potentially allowing 
detection of more subtle reductions in myocardial perfusion in case of significant 
stenoses. 
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Figure 6: 45-year-old man with recent infarction of inferior left ventricle wall and stent in 
right coronary artery (RCA), undergoing dual-energy CT and SPECT before coronary artery 
bypass grafting. A and B, Coronary CT angiography images, including volume-rendered 
reconstruction (A) and multiplanar reformatted reconstruction (B), show long segment of 
occlusion in proximal left anterior descending artery (LAD) (arrow, A), and patent stent in 
RCA (arrow, B). C and D, On SPECT horizontal stress (C) and rest (D) long-axis images, 
there is reversible perfusion defect of anteroseptal wall (arrows, C). E and F, Corresponding 
views for stress (E) and rest (F) dual-energy CT show reversible perfusion defect of anteroseptal 
wall (arrows, E). G, Volume-rendered dual-energy CT image shows perfusion defect of anterior 
left ventricle wall within context of entire thorax.
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DECT for assessment of myocardial infarction and viability

On contrast-enhanced cardiac CT, chronic myocardial infarction can be recognized 
as a hypo-attenuating region (>50% HU decrease compared to surrounding 
myocardium) (41), which persists in systole and diastole, and correlates with a 
coronary territory (42). On the other hand, in delayed CT scanning after contrast 
injection, infarction may show as areas of hyper enhancement, which is important 
in the assessment of viability. Whether DECT has a significant advantage 
compared to single-energy CT to detect myocardial infarction, is as yet unclear. 
Figure 7 shows an example of a myocardial infarct which is visible as hypodense 
area on contrast-enhanced DECT (but not on single-energy CT reconstruction), 
and as hypere nhancement on delayed DECT, however the contrast difference 
between infarcted and healthy myocardium is often less pronounced on CT. In 
the already discussed study by Ruzsics et al. (27), rest DECT correctly identified 
26/29 (90%) of all fixed myocardial perfusion defects on SPECT imaging. One 
patient study compared detection of hypodense areas on DECT with delayed 
enhancement MRI (43). Thirty-six patients with coronary artery bypass grafts were 
examined with DECT and MRI, with 22 (61%) showing delayed enhancement 
on MRI. The DECT studies suffered from artifacts arising from sternal wires and 
implanted metallic devices, which affected sensitivity. The test characteristics for 
DECT in this study were 77% sensitivity, 97% specificity, 85% positive predictive 
value, 96% negative predictive value, and 94% diagnostic accuracy in vessel-based 
analysis. Reconstructing the DECT images as virtual 120-kV images appeared to 
improve assessability of defects in this artifact-prone patient group, compared to 
iodine color map analysis. 

Three animal studies investigated DECT for detection of acute and chronic 
myocardial infarction (44-46). In a dog study, detectability of hypodense areas 
on contrast-enhanced DECT was assessed 3 hours after creating an infarction 
in the LAD territory, and compared to histopathology (44). Histopathology 
showed infarction in 40 out of 102 myocardial segments. Diagnostic accuracy 
on a segment basis for infarcted and non-infarcted areas were similar for the 
different reconstructions (82-87%); however, sensitivity was highest for iodine 
color maps (92%) and specificity for virtual 120-kV images (92%). In two pig 
studies by one research group, the ability of DECT to detect hypoenhancement 
on first-pass CT and hyper enhancement on delayed CT in reperfused chronic 
infarction was investigated (45, 46). About 2 months after creation of an infarct 
in the LAD territory, 8 pigs underwent contrast-enhanced DECT and delayed 
DECT (10 minutes after contrast injection). Comparison was made with 
delayed enhancement MRI and histopathology. Twenty-seven of 136 myocardial 
segments showed infarction on histopathology. Sensitivity and specificity for 
areas of hypoenhancement on DECT-based iodine color map were 72 and 88 
%, respectively, compared to 78 and 93% for MRI (45). Iodine color map showed 
better diagnostic performance than 100-kV reconstructions. Infarct size on 
delayed DECT and MRI correlated well with histopathology (46). Sensitivity 
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and specificity for areas of hyperenhancement were similar for DECT and MRI, 
77 vs 79 %, and 0.92 vs 0.94, respectively. Thus, DECT was found feasible for 
detection of chronic myocardial infarction. Patient studies are needed to evaluate 
whether CT in general, and DECT in particular, is accurate for evaluation of 
myocardial infarction and viability.

DECT for characterization of coronary atherosclerotic    
plaque

Most cases of acute coronary syndrome occur due to rupture of so-called 
vulnerable coronary plaques. Histological characteristics of these lesions 
include lipid-rich core and thin fibrous cap (47). The in vivo characterization of 
atherosclerotic plaque components may allow identification of high-risk lesions 
before coronary events occur. While differentiation between calcified and non-
calcified plaque components is straight-forward with CT (48), distinguishing 
between the non-calcified plaque types (lipid-rich and fibrotic plaque) on the 
basis of CT density has been found difficult (49, 50). Potentially, DECT imaging 
can facilitate characterization of coronary artery plaque due to its capability of 
material decomposition. 

Figure 7: 80-year-old man with history of coronary artery bypass grafting 12 years prior, 
undergoing imaging because of recurrent chest pain. A and B, Stress (A) and rest (B) SPECT 
short-axis images show pronounced largely fixed perfusion defect of inferior wall (arrows), 
suggestive of myocardial infarction. C and D, MRI at rest (C) and delayed enhancement (D) 
show corresponding perfusion defect (arrows) of inferior wall, as well as thinning of myocardial 
wall. E–H, Corresponding short-axis cross-sections of dual-energy CT study at rest were 
reconstructed as virtual 120-kV image (E) and iodine color map superimposed on merged gray-
scale image (F), with delayed CT images in similar reconstruction (120-kV image, G; iodine color 
map superimposed on merged gray-scale image, H). Virtual 120-kV image shows hypoperfusion 
of inferior wall (arrows, E) at rest and thinning of wall, but no delayed enhancement (arrows, 
F). Iodine color map reconstructed from dual-energy CT image yielded similar findings (arrows, 
H) as MRI. Coronary CT angiography (not shown) showed patent bypasses to left anterior 
descending artery and posterior descending artery, but stenosis in left circumflex artery proximal 
to stent.
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In ex vivo studies of coronary arteries (51-53), CT density-based characterization 
of atherosclerotic plaques was compared to histopathology results. The authors of 
the first report used consecutive CT scanning at 80 and 140 kV, with and without 
iodine contrast infusion (51) and calculated a dual-energy index based on the CT 
density of plaques at the different kV levels. Fourteen atherosclerotic plaques were 
found in seven arteries. Based on differences in CT attenuation at the two energy 
levels, only distinction between calcified and non-calcified plaques was possible, 
but not within non-calcified plaque types. Consecutive CT image acquisition at 
different kV levels with calculation of a dual-energy CT attenuation ratio was 
also performed in the second study, comprising 15 excised hearts (52). Again the 
CT density of fibrotic and lipid-rich plaques overlapped, but the differentiation 
between these non-calcified plaque types was found to improve using the 
dual-energy approach. Finally, in a post-mortem study of 17 hearts, DECT 
and single-energy mode was used in first generation dual-source CT (53), and 
comparison with 16-detector CT was performed. Fifty-eight plaques were found 
by histopathology. Classification of calcified plaques was excellent (97%) but 21% 
of plaques, mainly non-calcified plaque types, were misclassified. However, only 
small numbers of non-calcified plaques were present. Thus, preliminary validation 
studies so far have found contrasting results. 

DECT imaging of the heart: Future perspective 

Only very recently DECT techniques for the assessment of myocardial blood 
supply have transitioned from animal experiments into the first patient studies. 
As described above, the current evidence base for this approach largely consists 
of feasibility and initial accuracy studies in selected, small patient cohorts. While 
preliminary results on the potential of DECT-based evaluation of myocardial 
perfusion defects as addition to coronary artery assessment are promising, 
considerable future work will be required before DECT can be considered for 
routine clinical application. Even more time will pass before appropriate scenarios 
for its use are determined. The same holds for evaluation of myocardial infarction 
and viability by DECT approaches. Decades of evidence support the prognostic 
value of nuclear myocardial perfusion imaging. In contrast, CT imaging of the 
myocardial blood supply is at the very beginning of this curve. A matter of 
debate is whether or not time-resolved CT information on myocardial perfusion 
is needed to assess the hemodynamic significance of coronary stenoses. Newest 
generations CT scanners allow for near real-time imaging of passage of a contrast 
bolus through the myocardium. Most evaluations of dynamic CT examinations 
so far have been performed by visually assessing the presence of a myocardial 
perfusion defect (see recent review (21)), similar to the evaluation of DECT 
examinations. Apart from a small study that included patients undergoing either 
dynamic CT or DECT (19), no studies have directly compared the two CT 
approaches for myocardial blood supply assessment, either within or between 
patients. With optimal timing of data acquisition, the accuracy of DECT for 
detection of defects in myocardial blood supply on a static image could be rather 
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similar as that of dynamic CT. With ongoing improvements in radiation dose 
efficiency, it is likely that DECT will yield lower radiation doses while obtaining 
series in stress and in rest (compared to current stress-only protocols in dynamic 
CT due to radiation dose). Lastly, for combined testing of coronary artery stenosis 
and its hemodynamic effect on myocardial perfusion to be efficient, the risk of 
significant CAD has to be at least intermediate, or high. The usefulness of CT for 
comprehensive CAD imaging, as for all testing, will thus be highly dependent on 
the pre-test probability of CAD. 

In conclusion, preliminary evidence on the assessment of myocardial ischemia 
and infarction by DECT as addition to coronary CT angiography suggest DECT 
as a promising step towards comprehensive evaluation of coronary heart disease 
with a single non-invasive modality. However, substantial research investigations 
will be required before DECT can be considered for routine clinical application. 
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