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15.1  Introduction

CT and MRI have made enormous strides over the past 
decades becoming established imaging techniques in patients 
with suspected ischemic heart disease. The impact of these 
imaging techniques cannot be overestimated in the diagnosis 
and prognostication of patients with ischemic heart disease. 
As ischemic heart disease is highly prevalent, any contribu-
tion to improving the diagnosis and work-up of these patients 
by noninvasive imaging techniques has direct implications to 
more cost-effective diagnosis and therapy. For a long time, 
the mainstay in the diagnosis and treatment of ischemic heart 
disease was conventional x-ray angiography and echocar-
diography. The recognition of limitations inherent to these 
well-established diagnostic methods has led to a surge of 
interest in cardiovascular imaging by CT and MRI. In addi-
tion, nuclear medicine imaging is a well-established imaging 
technology for myocardial perfusion assessment in patients 
with suspected ischemic heart disease. The strength of this 

imaging technology is the wealth of outcome data for patient 
management, but CT and MRI have also made big strides to 
pose as an alternative for myocardial perfusion imaging as 
well as other approaches to assess the functional significance 
of coronary artery disease.

CT and MRI have their own strengths and weaknesses to 
provide diagnostic information in the work-up of patients 
with suspected ischemic heart disease. The main break-
through was coronary CT angiography providing unparal-
leled high-quality noninvasive visualization of coronary 
artery disease, now firmly established as the preferred tool to 
exclude coronary artery disease in patients with intermediate 
likelihood for coronary disease based on their clinical risk 
profile. The main limitation of CT was the lack of functional 
information to estimate the significance of a stenosis as a 
flow-limiting lesion that may cause myocardial ischemia. 
Nowadays CT may provide this crucial information for 
patient management by rest/stress CT perfusion and nonin-
vasive estimation of the fractional flow reserve (CT-FFR). 
The integration of diagnosing coronary artery anatomy (ste-
nosis) in conjunction with functional assessment (ischemia) 
provides a complete tool for clinical decision-making (indi-
cation for percutaneous coronary intervention or bypass sur-
gery). In contrast, MRI has lacked behind to CT as a robust 
imaging tool for noninvasive coronary artery imaging. The 
main strengths of cardiac MRI are the unsurpassed high- 
quality images of cardiac anatomy and global left ventricular 
function and a wide armamentarium for myocardial tissue 
characterization. For example, MRI late gadolinium enhance-
ment (LGE) started over 30  years ago and took a relative 
long time before becoming established as a unique noninva-
sive tool to assess the transmural extent of a myocardial scar 
with great clinical implications. The combined use of cine 
MRI and LGE is clinically highly relevant to characterize 
ischemic heart disease and to differentiate ischemic from 
nonischemic heart disease. Cine MRI is unsurpassed in accu-
racy for precisely measuring structure (wall thickness) and 
function (ejection fraction). Next to LGE, a number of other 
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MRI techniques have been established for myocardial tissue 
characterization that provide additional information on acute 
versus chronic scar (T2 mapping, STIR) and diffuse myocar-
dial fibrosis (T1 mapping, extracellular volume or ECV). 
Combining these MRI techniques for tissue characterization 
has some similarity with how a pathologist may combine dif-
ferent staining techniques for tissue characterization to come 
to a final diagnosis. MRI myocardial tissue “staining” has 
been established as an invaluable tool for characterizing 
myocardial disease in patients with suspected ischemic heart 
disease as well as in patients with unexplained heart failure 
to differentiate ischemic heart disease from the large number 
of nonischemic cardiomyopathies (nonischemic dilated car-
diomyopathy, hypertrophic cardiomyopathy, amyloid, other 
storage diseases, and alike).

Patients are referred to cardiac or chest CT and MRI by 
various medical disciplines (e.g., cardiology, internal medi-
cine, emergency department) with different clinical ques-
tions and scenarios. For example, many referrals for 
evaluating acute chest pain come from the emergency depart-
ment (“rule out pulmonary embolism”). The current high 
volume of pulmonary embolism referrals may lead to a num-
ber of unexpected findings on chest CT, as the yield of this 
referral for a positive diagnosis of pulmonary embolism is 
quite low and the clinical work-up of these patients may be 
suboptimal. The high-quality CT images of today, even if 
ungated, provide good diagnostic information on cardiac 
anatomy and coronary disease. So, coronary artery disease is 
becoming an “incidental finding” on routine chest CT 
requested for other indications. Radiologists are now in a 
central and responsible position to diagnose or rule out not 
only pulmonary embolism in acute chest pain evaluation but 
also be prepared to diagnose the extensive differential diag-
nosis (over 30 differential diagnoses) of a patient presenting 
with acute chest pain (main causes are life-threatening acute 
coronary occlusion, aortic dissection, and pulmonary 
embolism).

In this course we will discuss the role of CT and MRI 
in patients with suspected ischemic heart disease. First, 
the basic aspects of the pathophysiology (ischemic cas-
cade) and technology will be shortly summarized. 
Secondly, the specific utility of CT and MRI in suspected 
ischemic heart disease will be illustrated using patient 
examples. The patient presentations will also consider a 
stepwise approach on how to differentiate ischemic from 
nonischemic cardiomyopathies and the differential diag-
nosis of acute chest pain.

15.2  Cardiac MRI

15.2.1  MRI Techniques

Myocardial function is typically evaluated using cine bal-
anced steady-state free precession (bSSFP) imaging, provid-
ing optimal contrast between the blood pool (bright signal) 
and myocardium (intermediate-low signal). Cine MRI is 
used to assess ventricular function and valvular function in 
various orientations (transverse, angulated). As a starting 
point, the transverse cine images provide a global impression 
on left ventricular function, regional function (scar, aneu-
rysm), and valvular function (stenosis jet, regurgitation jet, 
valve morphology). Short-axis cine images are routinely 
applied for calculation of ventricular volumes (ejection frac-
tion is very important for clinical decision-making and prog-
nostication). LGE-MRI is the reference standard for imaging 
myocardial scar. Based on inversion recovery methods, con-
trast is created between normal (dark, gadolinium excluded 
from intact cells) myocardium and scar (white due to gado-
linium accumulation). Both acute and chronic infarct may 
display LGE.  Acute infarcts show LGE due to cell mem-
brane breakdown, whereas chronic collagen scar has little 
cellular volume and larger volume of distribution and there-
fore accumulates gadolinium. A particular strength of LGE 
is visualization of very small scars as well as the transmural 
extent of necrosis (starts at the subendocardium and may 
progress through the ventricular wall as a wave front with 
longer durations of coronary occlusion). Myocardial signal 
intensity depends on the T1, T2, T2*, and proton density of 
the tissue. All these parameters are actively explored for bet-
ter characterizing the severity of myocardial injury. 
Quantitative maps of myocardial T1, T2, T2*, and extracel-
lular volume (ECV) are attractive alternative methods for 
better tissue characterization. Quantitative methods for char-
acterizing myocardial tissue based on parametric mapping of 
T1 and T2 have been explored as an objective tool of detect-
ing and quantifying focal as well as global myocardial tissue 
alterations. In combination with extracellular contrast agent 
(gadolinium) injection, T1 mapping can also estimate the 
extracellular volume (ECV) fraction. Non-contrast enhanced, 
native T1 mapping and ECV mapping are explored as a diag-
nostic tool in both acute and chronic myocardial infarction 
and may be used to assess the area at risk (edema). Many 
other disease processes in the myocardium may result in 
elevated (e.g., myocarditis, amyloidosis) or decreased (e.g., 
Fabry disease, high iron content) native T1 values. Native T2 
mapping can detect edema in myocarditis, area at risk, and 
acute myocardial infarction. Technical details of pulse 
sequences, acquisition protocols, scanner adjustments, arti-
facts, image processing (windowing) and other confounders 
are affecting and complicating reliable determination of 
parametric maps. Well-controlled and optimized techniques 
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are crucial to improve accuracy (saturation methods), preci-
sion (inversion methods), and reproducibility of the use of 
parametric imaging. The acquisition technique combines an 
inversion or saturation pulse to pertubate T1, sampling of the 
relaxation curve, and a model to fit the sampled curve and 
extract the myocardial T1 value. Initial methods for pixel-
wise parametric T1 mapping are MOLLI and shMOLLI 
(modified Look-Locker inversion and shortened breath-hold 
modified Look-Locker inversion, respectively) sequences. 
Inversion methods (e.g., MOLLI, shMOLLI), saturation 
methods (e.g., SASHA, saturation recovery single-shot 
acquisition), and combined inversion and saturation methods 
(e.g., SAPPHIRE, saturation pulse prepared heart-rate- 
independent inversion recovery) are explored to optimize the 
reliability of acquisition schemes. Motion artifacts have been 
reduced by schemes that allow high-resolution imaging at 
the same cardiac and respiratory phase. The ECV in the 
myocardium is estimated from the concentration of extracel-
lular contrast agent in the myocardium relative to the blood 
in a dynamic state. The formula for calculation of ECV 
incorporates hematocrit (determined for each individual 
from blood sample or synthetic Ht, reflecting blood volume 
of distribution) and change in relaxation rate between pre-
contrast and postcontrast (proportional to gadolinium con-
centration, 15  min after bolus injection). Quantitative T2 
mapping is commonly performed using single-shot 
T2-prepared SSFP approach, although other approaches are 
available. For example, images may be acquired at three 
echo times, and after monoexponential curve fitting, a pixel-
wise T2 map is produced.

The initial area at risk after coronary occlusion (before 
necrosis develops) may be visualized as a bright region by 
using T2-weighted MRI techniques. Multiple MRI tech-
niques are available to provide optimal T2 contrast. 
T2-weighted imaging is also helpful to differentiate acute 
(white) from chronic scar (dark), as both may show similar 
LGE. Shortly after coronary occlusion edema may develop 
in the area at risk (the myocardium dependent on that coro-
nary artery) and may be shown as a bright region on 
T2-weighted imaging. Initially dark-blood T2-weighted 
sequences were used for defining the presumed edema in the 
area at risk. However, when limitations and artifacts of these 
techniques raised some controversy on their utility, T2 map-
ping, T1 mapping, early gadolinium enhancement, and 
contrast- enhanced bSSFP cine MRI were proposed as alter-
native methods to visualize the area at risk. The area at risk 
appears bright on T2-weighted imaging (long T2) or dark on 
T1-weighted imaging (long T1) and in the bright range of the 
color scale on quantitative T1 and T2 maps due to long T1 
and long T2. The endocardial surface area (approximation of 
the wave front) method of acute infarction has also been used 
to estimate the area at risk. The ischemic cascade may fur-
ther progress with necrosis starting at the subendocardial 

level and depending on duration of occlusion may progress 
throughout the entire wall (transmural, full thickness infarct). 
LGE MRI may show the transmural extent of the infarct to 
best advantage. In large infarcts with extensive necrosis, a 
central area of no enhancement may be seen (microvascular 
obstruction). T2* imaging is useful to detect intramyocardial 
hemorrhage due to susceptibility for breakdown products of 
hemoglobin. Intramyocardial hemorrhage is considered as 
an additional marker of more severe myocardial injury, like 
microvascular obstruction. A number of other complications 
may be observed on cardiac MRI in ischemic heart disease 
(aneurysm, thrombus, contained rupture).

15.3  Myocardial Infarction

Acute coronary occlusion leads to myocardial necrosis in 
the distribution area of the culprit coronary artery. Occlusion 
of the left anterior descending area will cause necrosis in the 
anterolateral wall, occlusion of the right coronary artery 
most commonly involves the inferoseptal wall, and occlu-
sion of the circumflex coronary artery will involve the lat-
eral wall. Inversely, recognizing scar in these locations may 
help to suspect the culprit artery. Ischemic heart disease can 
be suspected by regional abnormalities in the distribution 
area of individual coronary arteries. LGE is currently the 
highest- resolution method for detecting acute myocardial 
infarction with very high sensitivity, even to demonstrate 
microinfarcts (e.g., embolic infarction in patients undergo-
ing percutaneous coronary intervention). The size of the 
region of hyperenhancement is a clinically validated mea-
surement of infarct size, correlating with the degree of ele-
vations of cardiac enzymes and other markers of necrosis. 
Acute myocardial infarcts will show LGE with variable 
transmurality and sometimes central microvascular obstruc-
tion (larger infarcts, worse prognosis). Microvascular 
obstruction and related no- reflow phenomenon can prevent 
reperfusion of the core of the infarct after reperfusion ther-
apy and indicates more severe ischemia. Note the transmu-
ral extent of the infarct (grading more or less than 50% of 
wall thickness, indicating residual viability if less than 
50%). Viability assessment based on grading transmurality 
of the infarct may help to guide revascularization options 
(percutaneous intervention or bypass surgery). When ana-
lyzing patients with heart failure, the first step is to suspect 
regional abnormalities in the myocardium (e.g., a scar or 
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wall thinning in the anterior wall is likely due to occlusion 
of the left anterior descending (LAD) artery). Wall thinning 
indicates the presence of long- standing scar (i.e., chronic 
infarct). For example, coronary CT angiography may show 
occlusion of the LAD and MRI may show LGE of chronic 
scar in the anterior wall. However, recanalization of a coro-
nary artery may occur after myocardial infarction; therefore 
not all patients with a previous infarct will reveal occlusive 
coronary artery disease. Complications of previous infarcts 
include a left ventricular aneurysm (wide connection, 
involving all wall layers, true aneurysm), pseudoaneurysm 
(narrow neck, pericardial enhancement due to contained 
rupture in pericardial sack, predilection for inferior wall, 
large size), and thrombus adjacent to scar (best shown on 
LGE imaging). Thrombus is a common complication after 
myocardial infarction and may be missed by echocardiogra-
phy, especially in apical location. LGE imaging is helpful to 
detect both acute and chronic infarction. T2-weighted imag-
ing is used to differentiate acute versus chronic infarction. 
CT may also show the infarct as a perfusion defect and 
sometimes late iodine enhancement may reveal the infarct, 
although LGE MRI is better suited to demonstrate late 
enhancement with greater conspicuity. It is important to be 
aware of “incidental perfusion defects” in the myocardium 
when evaluating chest CT in patients with unexplained chest 
pain. In the scenario of acute chest pain, look for the pres-
ence and extent of coronary calcifications as a marker of 
coronary atherosclerosis (visual grading minor, moderate or 
severe works well as compared to the Agatston score). 
Coronary anomalies may be noted in young patients (coro-
nary aneurysm in Kawasaki disease) or “malignant” course 
between the pulmonary artery and aorta (cause for ischemia 
and sudden death in young people). There are a number of 
anatomic variants of coronary anatomy that may have lim-
ited clinical significance (e.g., anomalous course of circum-
flex posterior to aorta, bridging of LAD).

15.4  Heart Failure

In patients presenting with heart failure the first question is 
whether coronary artery disease (previous infarcts) is the 
underlying problem. Coronary CT angiography and cardiac 
MRI are well suited to assess comprehensively the presence 
and extent of ischemic cardiomyopathy (see above). 
However, many patients with unexplained heart failure may 
suffer from a large number of other disease entities that may 
lead to heart failure. A common cause for heart failure is 
idiopathic, nonischemic dilated cardiomyopathy. The sys-
tematic analysis of CT and MRI images may help to clarify 
the diagnosis of nonischemic dilating cardiomyopathy. 
Coronary CT angiography will most commonly show nor-
mal coronary anatomy, although sometimes coexisting coro-

nary disease may be noted. The overall appearance of the left 
ventricle indicates global dilation and diffuse wall thinning 
in patients with nonischemic dilating cardiomyopathy (in 
contrast to ischemic cardiomyopathy where we expect 
regional scar or wall thinning), although sometimes three- 
vessel coronary artery disease may also result in this pheno-
type (hibernating left ventricle where bypass surgery can be 
advantageous to reverse global ischemia). Cardiac MRI 
using cine imaging will show the same appearance in a 
dynamic format. Cine MRI is very accurate to estimate the 
volumes and ejection fraction. The ejection fraction is a cru-
cial parameter to decide for ICD placement. LGE will most 
commonly show no scar or LGE in patients with nonisch-
emic dilating cardiomyopathy. In a minority of these patients, 
a scar in the middle of the ventricular wall can be shown 
(midwall scar is a trigger point for arrhythmias and may be 
an indication for preventive ICD placement).

Another common cause for heart failure is characterized 
by the hypertrophic phenotype. The hypertrophic phenotype 
has a number of underlying causes for myocardial thicken-
ing. The wall thickening can be local (“humps and bumps”) 
in any location, most common in the septum in patients with 
genetically determined hypertrophic cardiomyopathy (the 
most common cause for sudden death in young people), but 
can also present as diffuse wall thickening. Simple explana-
tions for left ventricular hypertrophy may be the presence of 
long-standing high blood pressure and outflow obstruction 
(e.g., aortic valve stenosis, bicuspid aortic valve). Sometimes 
physiological hypertrophy may occur in endurance athletes 
that may be reversible after stopping heavy exercise. After 
excluding these obvious causes for left ventricular hypertro-
phy, it is important to analyze cine MRI images and LGE 
images to narrow the differential diagnosis of the hypertro-
phic phenotype. Cardiac MRI is now playing a crucial role in 
systematically analyzing the potential underlying cause in 
unexplained heart failure presenting with the hypertrophic 
phenotype. The genetic hypertrophic phenotype is an impor-
tant first consideration. Most commonly local hypertrophy 
will be recognized in the septum, but it may occur in any 
location and may even present with diffuse, global hypertro-
phy. There are a number of secondary helpful clues for this 
diagnosis on imaging. On cine imaging there may be a jet 
phenomenon in the outflow tract to the aorta (hypertrophic 
obstructive cardiomyopathy, exaggerated by the elongated 
anterior leaflet of the mitral valve, systolic anterior motion 
(SAM)), secondary mitral regurgitation with enlargement of 
the left atrium is frequent, supernormal ejection fraction 
(hypercontractile left ventricle), and clefts in the myocar-
dium. LGE is helpful to assess scar distributed in the myo-
cardium in genetic hypertrophy (nonischemic pattern) and is 
a marker for arrhythmia risk. Cardiac amyloidosis is another 
disease that may present with the hypertrophic phenotype 
and is characterized by diffuse subendocardial LGE (not 
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confined to a coronary artery distribution area). A number of 
other storage diseases may present with the hypertrophic 
phenotype (e.g., Fabry disease, typical LGE in posterolateral 
wall, sometimes focal hypertrophy, dilated aorta). Fabry dis-
ease is characterized by sphingolipid accumulation intracel-
lularly (shown by native T1 mapping, ECV unchanged), 
sometimes complicated by diffuse or focal scar. Therapy is 
available for Fabry disease, so important to recognize and 
diagnose early. Inflammatory diseases (SLE, myocarditis, 
sarcoid) may present also with heart failure and the hypertro-
phic phenotype. Myocarditis may be recognized by subepi-
cardial LGE in typical locations. A number of drugs may 
accumulate in the heart and present with heart failure and 
hypertrophy (e.g., amiodarone, hydroxychloroquine used in 
rheumatology, simulating Fabry disease).

15.5  Cardiac CT

15.5.1  CT Technique and Low-Dose CT 
Coronary Angiography

Technical developments such as wide detectors, dual source 
configuration, low kV scanning and high-pitch acquisitions 
have allowed to establish coronary CT angiography (CCTA) 
as an imaging modality that provides high temporal and 
spatial resolution, for motion-free cardiac imaging and 
detailed visualization of coronary or myocardial pathology. 
With increasing utilization of coronary CT angiography, 
especially low-dose CCTA acquisitions are constantly 
improving, in order to combine CT’s high anatomical reso-
lution with short examination times while still maintaining 
very low radiation exposure. Specifically, high-pitch CT 
(pitch >3), low kV (as low as 70 kV), and iterative recon-
struction algorithms have resulted in cardiovascular exams 
with radiation exposure of <1 mSv [1]. For a detailed visu-
alization of the cardiac and coronary anatomy, ECG-
triggered protocols are recommended, although it has also 
been demonstrated, that the detection of the coronary arter-
ies is possible even in a non-ECG-triggered spiral mode 
with high temporal resolution [2]. Most CCTA cases today 
will be scanned in a prospective ECG-triggered sequential 
scan (“step-and-shoot mode”) or, if a dual-source CT scan-
ner is available, in high- pitch scan mode, whereas retro-
spective ECG-gating should be avoided or reserved to 
special cases (high heart rates, arrhythmia) due to poten-
tially high radiation exposure.

15.5.2  Stable Angina

Consequently, CCTA has emerged as a noninvasive, robust, 
and well-established diagnostic tool for the assessment and 
evaluation of patients with known or suspected CAD and in 
stable angina pectoris. There is a large body of evidence for 
these indications, demonstrating a high diagnostic accuracy 
with a sensitivity ranging from 94 to 99% and a specificity 
of 64–83% for the detection of significant coronary stenoses 
(i.e., diameter stenoses >50% in a morphological assess-
ment) [3]. Clinically, with its high negative predictive value 
ranging from 97 to 99%, CCTA represents a reliable diag-
nostic imaging tool to rule out obstructive CAD, especially 
in low- to intermediate-risk settings [3–6]. As such, large- 
scale registries and prospective trials have shown that CCTA 
serves as a valuable alternative to invasive diagnostic testing 
in patients with stable angina [7–9] and low to intermediate 
pretest likelihood of CAD (e.g., asymptomatic, younger 
patients) and in those with less extensive coronary artery 
calcification, especially in patients who are unable to 
undergo stress testing for functional testing [6, 9]. An exam-
ple of a negative coronary CT angiography in a relatively 
young female patient with suspected CAD is provided in 
Fig. 15.1. Furthermore, due to the ability of CCTA for visu-
alization and assessment of coronary atherosclerotic plaque, 
three- dimensional vessel trajectories and anatomical fea-
tures of the coronary vessel segments as well as detection of 
pathological coronary artery alterations such as calcifica-
tions or occlusions, CCTA is gaining recognition as a useful 
imaging tool in pre-procedural planning of cardiovascular 
interventions, providing improved success rates for revascu-
larization and post-procedural outcome after percutaneous 
techniques [10]. Besides its diagnostic value, there is also an 
increasing role of CCTA to predict cardiovascular risk over 
time, as several follow-up studies report an excellent prog-
nosis for patients negative at CCTA for any CAD or coro-
nary atherosclerosis, whereas outcome in patients with 
obstructive and also nonobstructive CAD is substantially 
worse [11, 12].

15.5.3  Acute Chest Pain

The work-up of patients in the emergency room is complex 
and sometimes suboptimal, leading to a high number of 
unnecessary hospital admissions. Both CT and MRI have 
been successfully used as a gatekeeper to diagnose life- 
threatening causes of acute chest pain (i.e., acute myocardial 
infarction, aortic dissection, and pulmonary embolism). In 
the setting of acute chest pain potentially caused by an acute 
coronary syndrome (ACS) or non-ST-elevation myocardial 
infarction (NSTEMI), there is strong evidence that CCTA 
improves the efficiency of clinical decision-making in the 
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emergency department, resulting in a shorter length of hospi-
talization and reduced costs [13]. Several large randomized 
trials (CT-STAT, ACRIN-PA, ROMICAT II, and 
CT-COMPARE) compared coronary CT angiography to the 
current standard of care in patients with acute chest pain 
[13–16]. Their clinical implementations illustrated the reli-
ability of a negative coronary CT angiography in identifying 
patients for discharge from the emergency department [17]. 
Here, coronary CT angiography allows for fast and safe tri-
age of patients. In clinical practice, individuals demonstrat-
ing severe coronary stenosis are often directly referred to 
invasive catheter angiography, and patients with intermedi-
ate stenosis, high overall plaque burden, or equivocal find-
ings typically undergo functional testing [18, 19].

15.6  Functional Assessment of Coronary 
Artery Disease

15.6.1  CT-Based Fractional Flow Reserve 
(CT-FFR) and Imaging of Myocardial 
Perfusion

Given its established value in morphologic imaging of CAD, 
research efforts over the last years have focused on providing 
information beyond the assessment of coronary stenosis and 
atherosclerotic vessel wall changes. To date, CT offers two 
different approaches to assess the functional relevance of a 
given stenosis: (A) myocardial perfusion imaging (which 
can be performed in a dynamic or static fashion) and (B) the 
calculation of a CT-based fractional flow reserve (CT-FFR). 
CT myocardial perfusion is based on the first-pass effect of 
iodinated contrast media through the myocardium during 
vasodilator stress (pharmacologically induced using regade-
noson, adenosine, or dipyridamole). The study can either be 
performed by obtaining one single scan during maximum 
enhancement (also referred to as “static” or “snapshot/

Key Point
• Coronary CT angiography is a first-line modality 

for excluding coronary artery disease in patients 
with intermediate likelihood of disease.

a

b d e f

cFig. 15.1 Coronary CT of a 
48-year-old female with 
exertional atypical chest pain. 
The CT reveals the absence of 
coronary atherosclerotic 
plaque or stenosis. (a) Axial 
slice demonstrating the left 
main coronary artery 
(asterisk) and the left anterior 
descending coronary artery 
(arrow head). (b) Origin of 
the right coronary artery 
(white arrow) and proximal 
segment of the left anterior 
descending coronary artery 
(arrow head) and left 
circumflex coronary artery 
(open arrow). (c) Volume 
rendered three-dimensional 
reconstruction showing the 
left anterior descending 
coronary artery as well as the 
branch of the right coronary 
artery and the circumflex 
coronary artery. (d–f) 
Multiplanar curved 
reconstructions of the right 
coronary artery (d), the left 
anterior descending coronary 
artery (e), and the circumflex 
coronary artery (f) 
demonstrating the absence of 
coronary atherosclerotic 
plaque or coronary artery 
stenosis. AA ascending aorta, 
LA left atrium, RV right 
ventricle
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single- shot” perfusion imaging) or by acquiring multiple 
scans during contrast passage (i.e., a “dynamic,” time- 
resolved imaging of myocardial perfusion). The benefit of 
the “snapshot” protocol is the reduction of radiation expo-
sure, whereas the “dynamic” protocol enables the absolute 
quantification of myocardial blood flow and volume. 
Perfusion defects as obtained by these techniques are identi-
fied as areas of hypo-attenuated myocardium compared to 
perfusion at baseline. While reversible malperfusion indi-
cates ischemic myocardium, persistent perfusion defects are 
considered to represent myocardial scar tissue [20, 21]. The 
calculation of the CT-FFR using flow dynamics from coro-
nary computed tomography angiography images is another 
noninvasive method for the assessment of flow dynamics 
[22]. This novel approach allows lesion-specific flow analy-
sis throughout the coronary tree without additional imaging 
or vasodilator stress, i.e., this calculation is based on the 
original CCTA examination. The currently most widely used 

technique (known as FFRCT) uses a complex reconstruction 
algorithm to create a three-dimensional (3D) model of the 
coronary arteries and assess the left ventricular mass which 
is directly proportional to the total blood flow at rest. By 
combining the information of branch diameter from the 3D 
model and resting blood flow, it is possible to specifically 
calculate the blood flow for each coronary segment (see an 
example in Figs. 15.2 and 15.3). Recently, freely available 
and simplified approaches using a one-dimensional (1D) 
analysis (cFFR) are under investigation [23].

Key Point
• The presence or absence of flow limitation caused 

by a coronary artery stenosis can be estimated by 
computational fluid dynamics using the coronary 
CT dataset noninvasively on-site.
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Fig. 15.2 Example of a CT-based derivation of fractional flow reserve 
model (CT-FFR, upper bar) and source coronary CT datasets demonstrat-
ing diffuse calcified and non-calcified plaques with hemodynamically 
relevant coronary stenosis present in the distal left anterior descending 

coronary artery (also A) and a large diagonal branch (red color-coding in 
the FFR model), whereas the right coronary artery and the left circumflex 
coronary artery (C and B, respectively) have diffuse coronary artery dis-
ease without hemodynamically relevant coronary lesions
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15.7  Assessment of Atherosclerotic Plaque

Given its high spatial resolution, CCTA offers the unique 
potential to noninvasively visualize, characterize, and quan-
tify atherosclerotic plaque [24]. The notion of vulnerable 
plaques is a rather complex concept; however, specific high- 
risk plaque features can be identified on standard CCTA 
datasets. Several adverse features associated with vulnerable 
plaques have already been identified with CCTA; these 
include the presence of positive remodeling, low-attenuation 
plaque, spotty calcifications, and the napkin ring sign (see a 
typical low-attenuation plaque in Fig. 15.3) [25–28]. In con-
trast, larger calcification is more likely to be found in stable 
coronary lesions. Although the evidence is still very limited, 
detailed assessment of plaque morphology for detection of 
high-risk plaque features in patients presenting to the ED 
with acute chest pain but negative initial electrocardiogram 
and troponin may provide incremental diagnostic value, as 

the presence of high-risk plaque increases the likelihood of 
ACS, independent of significant CAD and clinical risk 
assessment, including age, sex, and number of cardiovascu-
lar risk factors [29]. Thus, identification of such high-risk 
plaques may thus improve risk estimates for the individual 
patient and may be of use in the selection of patients who 
benefit from revascularization.

15.8  Summary

Cardiac MR and CT imaging have seen an incredible 
speed of development over the past years. Today, both 
technique are readily and widely available and have 
reached a point of robustness while providing complex 
and complementary information at the same time, making 
both ever more important in clinical routine management 
of CAD patients.

a b

Fig. 15.3 Coronary CT of an atherosclerotic plaque in the LAD, dem-
onstrating high-risk plaque features, including low-attenuation and 
positive remodeling in the proximal segment of the left anterior 

descending coronary artery. (a) curved multiplanar reformat and corre-
sponding cross section of the vessel (b)

Take-Home Messages
• Parametric T1 mapping of the myocardium may 

provide an objective method to diagnose acute 
infarction, area at risk, and diffuse fibrosis unseen 
by LGE.

• Late gadolinium enhancement by MRI has the 
unique feature to demonstrate the transmural extent 
of scar. Transmural extent of scar is very important 
for diagnosis of remaining myocardial viability and 

therefore for clinical decision-making in patients 
with ischemic heart disease.

• Coronary CT angiography is highly reliable for 
excluding coronary artery disease in patients with 
intermediate likelihood of disease.

• Functional assessment of an intermediate coronary 
stenosis requires ischemia testing by using myocar-
dial perfusion or estimating fractional flow reserve 
by state-of-the-art CT techniques to guide treatment 
options.
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