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Coronary Ct Angiography and 
Myocardial Perfusion Ct Imaging
Coronary CT Angiography (CCTA) is an established technique for the non-
invasive assessment of coronary artery morphology. However, the purely 
anatomical assessment of coronary stenosis does not adequately predict 
hemodynamic relevance. Recently, numerous CT techniques for the func-
tional analysis of coronary lesions have emerged. In this article, we review 
our experience in investigating advanced CT myocardial perfusion imaging 
techniques that are able to detect myocardial ischemia to provide a fast and 
comprehensive appraisal of coronary artery disease

coroNArY cT ANGIoGrAphY ANd MYocArdIAL 
pErfUsIoN cT IMAGING
Coonary CT Angiography (CCTA)  provides a non-invasive 
morphological assessment of coronary arteries that can accu-
rately depict coronary anatomy and the atherosclerotic plaque 
burden with a pooled sensitivity and specificity of 98% and 
89%, respectively [1]. Technological innovations are continu-
ously improving the diagnostic performance and decreasing 
the radiation dose and contrast medium volume necessary for 
this test [Figure 1]. 

However, a growing body of evidence has demonstrated that 
a purely anatomical evaluation of coronary stenosis does not 
adequately predict hemodynamic relevance [2]. 

In a response to this limitation, innovative CT technology 
has allowed the collection of functional data, promising a com-
prehensive appraisal of anatomical and functional aspects of 
coronary heart disease with a single modality.

In our research group we are investigating two distinct CT 
myocardial perfusion imaging (CTMPI) techniques able to 
detect myocardial perfusion defects with a third generation 

dual-source dual-energy CT scanner (SOMATOM Force,  
Siemens Healthcare, Germany): 

• Dynamic CT Myocardial Perfusion Imaging (dCTMPI) 
• Static CT Myocardial Perfusion Imaging (sCTMPI) 
These techniques require state-of-the-art CT technology and 

utilize specific rest/stress protocols with the administration of 
pharmacological stress agents, such as adenosine, regadenoson, 
dobutamine or dipyridamole, to induce a vasodilative effect. 

In our clinical practice we routinely use regadenoson, a 
selective A2A receptor agonist administered in a single dose  
which causes fewer systemic side effects than adenosine and is 
more beneficial for patients with asthma or chronic obstructive 
pulmonary disease [3]. 

Our research on CCTA and CTMPI specifically aims to 
test the diagnostic accuracy of a combined morphological and 
functional approach in the detection of flow limiting coronary 
stenosis. In doing so, we seek to extend the clinical applica-
tions of these techniques to patient populations not previously 
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FigUre 1. Prospectively triggered CCTA performed with a 3rd generation 
dual-source CT in an obese patient (BMI 31 kg/m2) at 80 kV with 55 ml of 
contrast medium for a total radiation dose of 3.6 mSv. The excellent image 
quality achieved allows for a clear depiction of the coronary arteries and 
atherosclerotic disease. 
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evaluable, including obese patients or those 
with high heart rate, all the while minimiz-
ing radiation dose and contrast medium 
volume. 

dYNAMIc cT MYocArdIAL pErfUsIoN 
IMAGING
Dynamic CT myocardial perfusion imag-
ing is based on measuring the distribution 
of the iodinated contrast material during 
its first pass through the myocardium and 
using this as an indicator of myocardial 
blood flow. It represents the only CT-based 
technique that can directly measure myo-
cardial perfusion. 

Through ECG-synchronized, repetitive 
scanning of the myocardium and cardiac 
blood pool, time attenuation curves are 
generated as the contrast bolus undergoes 
its first pass, arterial phase, and enters the 
microcirculation [Figure 2]. Currently, there 
are two major approaches available for 
dynamic imaging. Whole heart acquisition 
uses a stationary table and requires a scanner 
with the necessary detector width to cover 
the entire heart [4] while “shuttle” mode 
acquisition acquires whole heart images by 
moving the table back and forth between 
two scanning positions [5]. The diagnostic 
accuracy of dynamic CT perfusion has been 

tested in comparison with CMR, SPECT, 
ICA and FFR [5-8] showing a sensitivity 
and specificity, in the range of 76-100 and 
74-100%, respectively.

A major limitation of dynamic CT per-
fusion technology is the relatively high 
radiation exposure and the need for a low, 
stable heart rate. In addition, patients with 
high body mass index cannot be adequately 
studied due to severe artifacts caused by 
major x-ray attenutation through the chest. 
However, our initial clinical experience 
using a state-of-the-art third generation 
DSCT scanner showed it was feasible to 
obtain diagnostic quality imaging even in 
severely obese patients with high heart rates 
[Figure 4], expanding the range of clinical 
applications.

sTATIc dUAL-ENErGY cT MYocArdIAL 
pErfUsIoN IMAGING
Single-shot dual-energy CT perfusion imag-
ing uses the static distribution of contrast 
material during early arterial attenuation to 
detect myocardial blood perfusion abnor-
malities during the early arterial phase of 
first-pass contrast enhancement. 

Different vendor-specific CT technolo-
gies have been developed to perform dual-
energy acquisitions. Dual source scanners 
make use of independent tubes paired 
with two detectors, which simultaneously 
operate with low (80-90-100kV) and high 
(140-150kV) tube voltages [9-11], while 
single source CT scanners can produce dual 

FigUre 2. Dynamic CT myocardial perfusion imaging in a 68-year-old male patient. For quantitative measurements of dynamic myocardial perfusion, a volume of interest 
is traced to encompass the entire left ventricle, while the ascending aorta and descending aorta are designated as the input and output function, respectively. From these 
parameters, the K-trans, blood volume, and blood flow of the entire myocardium are obtained (A). The derived blood volume map (B) shows a perfusion deficit (arrow) in 
the apical antero-septal segment, corresponding to a chronic myocardial infarct in the left anterior descending artery territory.

FigUre 3. Dynamic CT myocardial perfusion imaging in a 59-year-old male patient presenting with atypical 
chest pain and an inconclusive SPECT examination. 3rd generation DSCT provided diagnostic image quality using 
90 kV and 50 mL of contrast medium despite the patient’s severe obesity (BMI 35 kg/m2) and high heart rate 
(average 102 bpm) (A). A parametric map of myocardial blood volume (B) and blood flow (C) demonstrates no 
perfusion defects in the myocardium.
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energy images through rapid tube current switching between 80 and 
140kV [12]. Both prospective ECG triggered and retrospectively 
ECG gated protocols are possible for DECT acquisition. 

With both dual-source and single-source acquisitions, an iodine 
distribution map is generated by merging the low and high kV 
data-sets. Since iodine concentration is a surrogate for myocardial 
perfusion, the myocardial blood pool can be quantified based on the 
per-voxel amount of iodine [13], [Figure 4]. Radiation doses for pro-
spective ECG triggered or retrospectively ECG-triggered acquisition 
are equivalent to those of single energy cardiac CT acquisition [14].

Static dual-energy studies have shown high specificity and sensi-
tivity for the detection of hemodynamically significant CAD com-

pared to different reference modalities [11,15-19], with a vessel-
based sensitivity and specificity for the stress/rest approach ranging 
from 77-94% and 74-94%, respectively. 

Third generation DECT using 90-100 kV for the low energy tube 
and 150 kV for the high energy tube with the application of tin filter 
technology allows better discrimination of the iodine distribution in 
the myocardium and reduces the artifacts associated with obesity and 
high heart rate present in previous scanner generations [Figure 5]. 

sUMMArY
A growing body of evidence suggests that the combination of mor-
phological data from CCTA and functional data from CTMPI can 
enhance the accuracy of non-invasive CT in detecting hemody-
namically relevant coronary artery disease. Recent technological 
improvements and subsequent reductions in radiation dose and 
contrast media requirements promise to expand the clinical use of 
CTMPI and to make the fast, comprehensive evaluation of coronary 
artery disease increasingly possible in clinical practice, including in 
patient populations not previously evaluable. 
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FigUre 4. Static dual-energy CT myocardial perfusion imaging in a 65-year-old 
male patient presenting with recurrent chest pain. DECT iodine map (A) and SPECT 
imaging (B) at rest show normal myocardial perfusion. DECT iodine-map (C) and 
SPECT imaging (D) at stress demonstrate the presence of an inducible myocardial 
perfusion defect in the infero-lateral wall suggestive of myocardial ischemia (arrows).

FigUre 5. Static dual-energy CT myocardial perfusion imaging with 3rd generation 
dual-source dual-energy CT in a 69-year-old male patient (BMI 32 kg/m2) with mul-
tiple coronary artery bypass grafts and mechanical mitral valve prosthesis. CCTA imag-
ing shows the presence of patent coronary grafts (A) with no evidence of myocardial 
perfusion defects in the iodine map (B-D). Homogenous iodine distribution can be 
observed in the iodine map without artifacts, regardless of the patient’s high BMI and 
the presence of a mechanical mitral valve, improving overall diagnostic confidence. 


