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Identifying patients at increased risk of coronary artery disease, before the atherosclerotic complications become

clinically evident, is the aim of cardiovascular prevention. Imaging techniques provide direct assessment of

coronary atherosclerotic burden and pathological characteristics of atherosclerotic lesions which may predict the

progression of disease. Atherosclerosis imaging has been traditionally based on the evaluation of coronary luminal

narrowing and stenosis. However, the degree of arterial obstruction is a poor predictor of subsequent acute events.

More recent techniques focus on the high-resolution visualization of the arterial wall and the coronary plaques.

Most acute coronary events are triggered by plaque rupture or erosion. Hence, atherosclerotic plaque imaging has

generally focused on the detection of vulnerable plaque prone to rupture. 

coronary atherosclerosis  coronary plaque  coronary imaging

1. Introduction

Atherosclerosis is the primary cause of coronary artery disease (CAD) . The underlying pathophysiologic

mechanisms develop and progress for decades before the disease becomes clinically evident. Traditionally,

atherosclerosis imaging has focused on the assessment of arterial luminal narrowing and occlusion. However,

most acute coronary events occur from atherosclerotic plaque rupture or erosion causing arterial thrombosis .

The aim of performing imaging diagnostic tests is the assessment of patients at risk of acute coronary events

associated with plaque formation, before atherosclerotic complications occur. This objective is based on the

identification of coronary atherosclerotic burden, its extent and pathological characteristics which are closely

associated with progression and rupture of vulnerable plaques.

The choice of imaging modality depends on the cardiovascular risk level of the patient. Non-invasive imaging is

best suited in primary prevention for low- intermediate- risk population, in order to improve risk stratification and

identify individuals who may benefit from intensive treatment. In high-risk patients, intravascular imaging provides

accurate assessment of vulnerable plaques and early stage of their development.

2. Non-invasive imaging

2.1. Plaque Morphology

Non-invasive visualization of the morphology of coronary atherosclerotic lesions is performed using computed

tomography (CT), computed tomography coronary angiography (CTCA), and cardiac magnetic resonance (CMR).
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2.2. Computed Tomography (CT)

Non-contrast electrocardiographic (ECG)-gated multidetector CT provides a direct quantitative assessment of

coronary artery calcium (CAC) . (Figure 1). The standard method for CAC quantification is the Agatston score

which measures the density of calcification in each coronary segment, multiplied by the area and summed for all

arteries . CAC score correlates with the total coronary plaque burden and is an independent predictor for CV

events irrespective of ages . Extensive calcification is associated with higher risk of CAD, because

the presence of more plaques increases the chance that one may rupture. Current guidelines recommend CAC

score assessment in individuals at low- to intermediate-risk in whom treatment decision may be improved by CV

risk stratification . In individuals without known atherosclerotic disease, a CAC score of zero is

associated with a high negative predictive value in excluding significant CAD . However, although only 5% of

individuals with zero CAC have significant stenosis, low CAC scores do not exclude obstructive CAD .

Instead, a CAC score >100 is associated with a risk of events similar to patients with previous CAD .

Figure 1.  Calcium scoring (CAC) performed on a non-contrast ECG-gated CT scan of a patient with coronary

arteries calcifications using commercial software Vitrea 6.0. The software automatically highlights all the structures

attenuating at least 130 Hounsfield units (pink). Regions of interest (ROI) were manually placed around the

coronary arteries calcifications using different colors for each coronary segment. The partial and overall Agatston

score and volume of the calcifications included in the regions of interest are summarized in the box on the bottom

of the images. (A) Calcifications in the left main, anterior descending and 1st diagonal branch. (B) Calcification in

the proximal segment of the right coronary artery.

The relevance of CAC in the prediction of acute events is also demonstrated by the observation that individuals

free of clinical CAD and without conventional risk factors but elevated CAC have substantially higher rates of all-

cause mortality than those who have multiple risk factors but no CAC . Also, combining CAC score and

conventional risk factors carries significant sensitivity for prediction of >50% coronary stenosis which is higher than

[4]
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luminal stenosis measured by CTCA . The relationship of the Agatston score with subsequent coronary events

appear to be mainly based on the volume component of the CAC score, while calcification density has an inverse

relationship with risk of CAD . Since CAC density refers to the concentration of calcium in the plaques,

this inverse relationship may reflect the protective role of stable macrocalcifications. Serial coronary CT for the

assessment of the effects of treatment is now feasible due to rapid advances in image reconstruction that have

substantially reduced the radiation dose without compromising the imaging quality . Although calcified plaque

burden assessment is important in identifying the subclinical phase of CAD, CT calcium scoring does not quantify

the burden of non-calcified and unstable plaques nor coronary stenosis.

2.3. Computed Tomography Coronary Angiography (CTCA)

The intravenous administration of iodine contrast media allows the assessment of coronary stenosis and several

adverse coronary plaque characteristics, such as spotty calcification, positive remodeling, and low-attenuation non-

calcified plaques which identify a large necrotic core . (Figure 2  and  Figure 3). However, smaller

components such as microcalcifications and TCFA cannot be detected because their dimension is ten times lower

than the spatial resolution of CTCA (about 500 microns) .

Figure 2.  Right coronary artery (RCA) studied with CTCA (A) and with coronary angiography (B) in the same

patient. Both examinations show a narrowing of the arterial lumen in the proximal RCA segment (arrows),

indicating the presence of an atherosclerotic plaque. CTCA imaging shows a low-attenuation non-calcified plaque

which identifies a lipid or necrotic core. Calcifications are hyperdense on CTCA, while not visible on coronary

angiography.
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Figure 3. (A) CTCA showing the left main (LM) and left anterior descending (LAD) coronary arteries of a patient

who underwent coronary angioplasty (PTCA) and stent positioning in the LM. A non-calcified low density soft

plaque (white arrow) is shown between calcific plaques; the hypodense spot (dashed white arrow) within the stent

may indicate initial intrastent restenosis. Calcification of the aortic valve leaflets. (B) CTCA of the same patient

reformatted in the plane of the aortic valve shows calcification of the aortic leaflets. RVOT: right ventricle outflow

tract; LA: left atrium; PA: pulmonary artery.

CTCA is mainly appropriate for symptomatic moderate-risk patients without known CAD . A negative CTCA is

associated with very low risk of coronary events (negative predictive value about 99%) . Hence, the test is

appropriate to rule-out significant CAD, thus reducing the need for invasive tests. Compared to intravascular

ultrasound (IVUS), CTCA has excellent correlation for coronary luminal and plaque area . The prognostic

value of obstructive compared to non-obstructive CAD has been assessed with CTCA, showing that it is the extent

of disease, regardless of whether obstructive or non-obstructive, that provides additional prognostic value .

Indeed, patients with non-obstructive CAD who had extensive disease, showed similar rates of acute events as

those with obstructive but less extensive disease.

Compared to conventional angiography, CTCA has been reported to have higher accuracy in identifying calcified

and non-calcified plaques, and coronary positive remodeling . While more than 95% of arterial stenosis

documented with angiography are confirmed by CTCA, only one-third of those detected with CTCA are identified

by angiography.

The relationship between morphological plaque characteristics and patient clinical presentation has been

investigated with CTCA in three population groups with different cardiovascular risk . Plaque volumes and the

proportion of necrotic core progressively increased with worsening risk profile, while the proportion of densely

calcified plaques reduced. These observations seem to confirm that individuals with high clinical risk profile are
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associated with potentially unstable lesions, while those with low-risk are associated with greater proportion of

calcified and more stable plaques .

2.4. Cardiac Magnetic Resonance (CMR)

CMR provides non-invasive accurate soft tissue contrast imaging, visualization of coronary lumen and arterial wall,

atherosclerotic disease burden, plaque composition and activity . Coronary atherosclerosis characterization

by CMR is based on electromagnetic signal intensity from protons in free water, triglycerides and free fatty acids in

a strong magnetic field. Morphologic appearance of the atherosclerotic lesions depends on their free water

concentration. Because calcification does not contain free water, densely calcified plaques appear as dark region

on CMR. In contrast, plaques with low CT density, usually associated with vulnerable features, appear with high

intensity on MR.

Non-contrast enhanced CMR can identify some vulnerable plaque characteristics, such as vascular remodeling,

inflammation, and intra-plaque hemorrhage due to high T1 weighted signal which is associated with

methaemoglobin, a key constituent of acute coronary thrombus . While high-intensity intracoronary signals have

been associated with early thrombus formation, high-intensity intra-wall signals have been related to the presence

of macrophages and lipid-rich plaques, validated by intravascular imaging . Contrast enhanced CMR based on

gadolinium contrast agent provides better spatial resolution (CMR angiography). Also, the accumulation of

gadolinium in the arterial wall is associated with increased endothelial permeability and inflammation . CMR has

also been able to assess significant coronary stenosis with a high negative predictive value . However, the

limited spatial resolution (1.3–1.8 mm with most current techniques), may limit the diagnostic use of CMR in clinical

practice, whereas it has important research interest for future application. CMR has been recently combined with

positron emission tomography (PET) for the simultaneous assessment of anatomic details and disease activity 

. This hybrid PET/MR system has lower level of radiation exposure compared to PET/CT, thus allowing to

monitor the progression of chronic atherosclerosis over time.

3. Disease Activity Imaging

Positron Emission Tomography (PET)

Although structural imaging techniques provide an assessment of the plaque burden, they give no indication as to

the extent of inflammatory plaque activity. Hence, they cannot accurately distinguish between patients with stable

disease from those with increased disease activity, expressed by macrophages and microcalcifications which are

associated with increased risk of developing acute CV events. Nuclear imaging such as PET can visualize different

components of the atherosclerotic process, thus providing a highly sensitive assessment of coronary disease

activity . Specific radioactively labelled tracers targeted to pathological components of the atherosclerotic

process, such as macrophages ( F-fluorodeoxyglucose and 68-Gallium-dotatate targeting the somatostatin

receptor on the surface of macrophages) and microcalcification ( F-sodium fluoride), accumulate at sites of

increased disease activity, releasing radiation which are detected by the PET scanner . However, PET imaging
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has limited anatomic definition and needs to be combined with an anatomic imaging modality, such as CT or MR to

provide simultaneous assessment of disease activity and morphological information. Hybrid imaging systems that

incorporate PET with CT or MR scanners within the same gantry, provide simultaneous imaging combining the

molecular specificity of PET imaging with the anatomic and functional characterization provided by CT or MR 

.

F-fluorodeoxyglucose ( F-FDG) is a glucose analogue which is extensively used for malignancy staging a

marker of metabolic activity. Its uptake by macrophages has been recently used to image vascular inflammation

because the glucose metabolic activity of the macrophages involved in the atherosclerotic plaque is higher than the

surrounding cells . While  F-FDG PET has been most investigated in the carotid arteries and aorta, its use in

the assessment of coronary plaque inflammation is limited by the close proximity to myocardial tissue which has a

high affinity to tracer uptake due to its high glucose metabolism. This obscures the coronary visualization, thus

limiting accurate plaque analysis, and require a special patient preparation to minimize the myocardial glucose

uptake .

F-sodium fluoride ( F-NaF) has been originally studied to identify bone metastasis and is now used to visualize

coronary calcification . Fluoride ions are incorporated into hydroxyapatite which is a central component of the

osteogenic mineralization . Coronary atherosclerosis is strongly associated with macrophages osteogenic

activity in the early stages of atherosclerosis, which results in microcalcifications found in the lipid-rich necrotic core

of atherosclerotic plaques. This allows  F-NaF to detect active microcalcification which are beyond the resolution

of CT scan. The stronger affinity of the radiotracer with newly formed hydroxyapatite compared to the old crystals

makes it possible to distinguish between actively inflamed coronary calcifications from stable ones. This is

confirmed by the observation that large areas of coronary calcium detected by CT scan do not show increased  F-

NaF uptake. Conversely, regions with absent or minimal CT calcium demonstrate intense  F-NaF uptake . The

preferential binding of  F-NaF uptake to microcalcification is also explained by high surface area of hydroxyapatite

in microcalcifications compared to large macroscopic calcifications where hydroxyapatite is internalized and not

available for binding . This discordance between morphologic and nuclear imaging provide complementary

information and may improve differentiating stable from vulnerable plaques .

References

1. Libby, P.; Theroux, P. Pathophysiology of Coronary Artery Disease. Circulation 2005, 111, 3481–
3488.

2. Ylä-Herttuala, S.; Bentzon, J.F.; Daemen, M.; Falk, E.; Garcia-Garcia, H.M.; Herrmann, J.; Hoefer,
I.; Jukema, J.W.; Krams, R.; Kwak, B.R.; et al. Stabilisation of atherosclerotic plaques. Position
paper of the European Society of Cardiology (ESC) Working Group on atherosclerosis and
vascular biology. Thromb. Haemost. 2011, 106, 1.

[52]

[53]

18 18

[54] 18

[41]

18 18

[55]

[51]

18

18

18 [56]

18

[57]

[58][59]



Coronary Atherosclerosis Imaging | Encyclopedia.pub

https://encyclopedia.pub/entry/12034 7/12

3. Libby, P. Current Concepts of the Pathogenesis of the Acute Coronary Syndromes. Circulation
2001, 104, 365–372.

4. Sandfort, A.C.V.; Lima, A.J.; Bluemke, A.D. Noninvasive Imaging of Atherosclerotic Plaque
Progression: Status of Coronary Computed Tomography Angiography. Circ. Cardiovasc. Imaging
2015, 8, e003316.

5. Agatston, A.S.; Janowitz, W.R.; Hildner, F.J.; Zusmer, N.R.; Viamonte, M.; Detrano, R.
Quantification of coronary artery calcium using ultrafast computed tomography. J. Am. Coll.
Cardiol. 1990, 15, 827–832.

6. Mahabadi, A.A.; Möhlenkamp, S.; Lehmann, N.; Kälsch, H.; Dykun, I.; Pundt, N.; Moebus, S.;
Jöckel, K.-H.; Erbel, R. CAC Score Improves Coronary and CV Risk Assessment Above Statin
Indication by ESC and AHA/ACC Primary Prevention Guidelines. JACC Cardiovasc. Imaging
2017, 10, 143–153.

7. Youssef, G.; Kalia, N.; Darabian, S.; Budoff, M.J. Coronary Calcium: New Insights, Recent Data,
and Clinical Role. Curr. Cardiol. Rep. 2013, 15, 325.

8. Nicoll, R.; Wiklund, U.; Zhao, Y.; Diederichsen, A.; Mickley, H.; Ovrehus, K.; Zamorano, P.; Gueret,
P.; Schmermund, A.; Maffei, E.; et al. The coronary calcium score is a more accurate predictor of
significant coronary stenosis than conventional risk factors in symptomatic patients: Euro-CCAD
study. Int. J. Cardiol. 2016, 207, 13–19.

9. Sandfort, V.; Bluemke, D.A. CT calcium scoring. History, current status and outlook. Diagn. Interv.
Imaging 2017, 98, 3–10.

10. McClelland, R.L.; Jorgensen, N.W.; Budoff, M.; Blaha, M.J.; Post, W.S.; Kronmal, R.A.; Bild, D.E.;
Shea, S.; Liu, K.; Watson, K.E.; et al. 10-Year Coronary Heart Disease Risk Prediction Using
Coronary Artery Calcium and Traditional Risk Factors: Derivation in the MESA (Multi-Ethnic Study
of Atherosclerosis) With Validation in the HNR (Heinz Nixdorf Recall) Study and the DHS (Dallas
Heart Study). J. Am. Coll. Cardiol. 2015, 66, 1643–1653.

11. Carr, J.J.; Jacobs, D.R., Jr.; Terry, J.G.; Shay, C.M.; Sidney, S.; Liu, K.; Schreiner, P.J.; Lewis,
C.E.; Shikany, J.M.; Reis, J.P.; et al. Association of Coronary Artery Calcium in Adults Aged 32 to
46 Years With Incident Coronary Heart Disease and DeathCoronary Artery Calcium and Incident
Coronary Heart Disease and DeathCoronary Artery Calcium and Incident Coronary Heart Disease
and Death. JAMA Cardiol. 2017, 2, 391–399.

12. Detrano, R.; Guerci, A.D.; Carr, J.J.; Bild, D.E.; Burke, G.; Folsom, A.R.; Liu, K.; Shea, S.; Szklo,
M.; Bluemke, D.A.; et al. Coronary Calcium as a Predictor of Coronary Events in Four Racial or
Ethnic Groups. N. Engl. J. Med. 2008, 358, 1336–1345.

13. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.-T.;
Corrà, U.; Cosyns, B.; Deaton, C.; et al. 2016 European Guidelines on cardiovascular disease



Coronary Atherosclerosis Imaging | Encyclopedia.pub

https://encyclopedia.pub/entry/12034 8/12

prevention in clinical practice. The Sixth Joint Task Force of the European Society of Cardiology
and Other Societies on Cardiovascular Disease Prevention in Clinical Practice. Eur. Heart J.
2016, 37, 2315–2381.

14. Hecht, H.; Blaha, M.J.; Berman, D.S.; Nasir, K.; Budoff, M.; Leipsic, J.; Blankstein, R.; Narula, J.;
Rumberger, J.; Shaw, L.J. Clinical indications for coronary artery calcium scoring in asymptomatic
patients: Expert consensus statement from the Society of Cardiovascular Computed Tomography.
J. Cardiovasc. Comput. Tomogr. 2017, 11, 157–168.

15. Greenland, P.; Bonow, R.O.; Brundage, B.H.; Budoff, M.J.; Eisenberg, M.J.; Grundy, S.M.
ACCF/AHA 2007 clinical expert consensus document on coronary artery calcium scoring by
computed tomography in global cardiovascular risk assessment and in evaluation of patients with
chest pain. J. Am. Coll. Cardiol. 2007, 49, 378–402.

16. Stone, N.J.; Robinson, J.G.; Lichtenstein, A.H.; Bairey Merz, C.N.; Blum, C.B.; Eckel, R.H.;
Goldberg, A.C.; Gordon, D.; Levy, D.; Lloyd-Jones, D.M.; et al. 2013 ACC/AHA Guideline on the
Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults: A Report
of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines. J. Am. Coll. Cardiol. 2014, 63, 2889–2934.

17. Sarwar, A.; Shaw, L.J.; Shapiro, M.D.; Blankstein, R.; Hoffman, U.; Cury, R.C.; Abbara, S.; Brady,
T.J.; Budoff, M.J.; Blumenthal, R.S.; et al. Diagnostic and Prognostic Value of Absence of
Coronary Artery Calcification. JACC Cardiovasc. Imaging 2009, 2, 675–688.

18. Gottlieb, I.; Miller, J.M.; Arbab-Zadeh, A.; Dewey, M.; Clouse, M.E.; Sara, L.; Niinuma, H.; Bush,
D.E.; Paul, N.; Vavere, A.L.; et al. The Absence of Coronary Calcification Does Not Exclude
Obstructive Coronary Artery Disease or the Need for Revascularization in Patients Referred for
Conventional Coronary Angiography. J. Am. Coll. Cardiol. 2010, 55, 627–634.

19. Drosch, T.; Brodoefel, H.; Reimann, A.; Thomas, C.; Tsiflikas, I.; Heuschmid, M.; Schroeder, S.;
Burgstahler, C. Prevalence and Clinical Characteristics of Symptomatic Patients with Obstructive
Coronary Artery Disease in the Absence of Coronary Calcifications. Acad. Radiol. 2010, 17,
1254–1258.

20. Martin, S.S.; Blaha, M.J.; Blankstein, R.; Agatston, A.; Rivera, J.J.; Virani, S.S.; Ouyang, P.;
Jones, S.R.; Blumenthal, R.S.; Budoff, M.J.; et al. Dyslipidemia, Coronary Artery Calcium, and
Incident Atherosclerotic Cardiovascular Disease. Circulation 2014, 129, 77–86.

21. Shaw, L.J.; Giambrone, A.E.; Blaha, M.J.; Knapper, J.T.; Berman, D.S.; Bellam, N.; Quyyumi, A.;
Budoff, M.J.; Callister, T.Q.; Min, J.K. Long-Term Prognosis After Coronary Artery Calcification
Testing in Asymptomatic Patients: A Cohort Study. Ann. Intern. Med. 2015, 163, 14–21.

22. Nasir, J.K.; Rubin, J.J.; Blaha, J.M.; Shaw, N.L.; Blankstein, A.R.; Rivera, R.J.; Khan, S.A.;
Berman, J.D.; Raggi, J.P.; Callister, J.T.; et al. Interplay of Coronary Artery Calcification and



Coronary Atherosclerosis Imaging | Encyclopedia.pub

https://encyclopedia.pub/entry/12034 9/12

Traditional Risk Factors for the Prediction of All-Cause Mortality in Asymptomatic Individuals. Circ.
Cardiovasc. Imaging 2012, 5, 467–473.

23. Criqui, M.H.; Denenberg, J.O.; Ix, J.H.; McClelland, R.L.; Wassel, C.L.; Rifkin, D.E.; Carr, J.J.;
Budoff, M.J.; Allison, M.A. Calcium Density of Coronary Artery Plaque and Risk of Incident
Cardiovascular Events. JAMA 2014, 311, 271–278.

24. Halon, D.A.; Lavi, I.; Barnett-Griness, O.; Rubinshtein, R.; Zafrir, B.; Azencot, M.; Lewis, B.S.
Plaque Morphology as Predictor of Late Plaque Events in Patients With Asymptomatic Type 2
Diabetes: A Long-Term Observational Study. JACC Cardiovasc. Imaging 2019, 12, 1353–1363.

25. Criqui, M.H.; Knox, J.B.; Denenberg, J.O.; Forbang, N.I.; McClelland, R.L.; Novotny, T.E.;
Sandfort, V.; Waalen, J.; Blaha, M.J.; Allison, M.A. Coronary Artery Calcium Volume and Density:
Potential Interactions and Overall Predictive Value: The Multi-Ethnic Study of Atherosclerosis.
JACC Cardiovasc. Imaging 2017, 10, 845–854.

26. Yoon, H.-C.; Emerick, A.M.; Hill, J.A.; Gjertson, D.W.; Goldin, J.G. Calcium Begets Calcium:
Progression of Coronary Artery Calcification in Asymptomatic Subjects. Radiology 2002, 224,
236–241.

27. Baron, K.B.; Choi, A.D.; Chen, M.Y. Low Radiation Dose Calcium Scoring: Evidence and
Techniques. Curr. Cardiovasc. Imaging Rep. 2016, 9, 12.

28. Thomsen, C.; Abdulla, J. Characteristics of high-risk coronary plaques identified by computed
tomographic angiography and associated prognosis: A systematic review and meta-analysis. Eur.
Heart J. Cardiovasc. Imaging 2016, 17, 120–129.

29. Thomas, I.C.; Forbang, N.I.; Criqui, M.H. The evolving view of coronary artery calcium and
cardiovascular disease risk. Clin. Cardiol. 2018, 41, 144–150.

30. Saremi, F.; Achenbach, S. Coronary Plaque Characterization Using CT. Am. J. Roentgenol. 2015,
204, W249–W260.

31. Taylor, A.J.; Cerqueira, M.; Hodgson, J.M.; Mark, D.; Min, J.; O’Gara, P.; Rubin, G.D.
ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/SCAI/SCMR 2010 Appropriate Use Criteria for
Cardiac Computed Tomography: A Report of the American College of Cardiology Foundation
Appropriate Use Criteria Task Force, the Society of Cardiovascular Computed Tomography, the
American College of Radiology, the American Heart Association, the American Society of
Echocardiography, the American Society of Nuclear Cardiology, the North American Society for
Cardiovascular Imaging, the Society for Cardiovascular Angiography and Interventions, and the
Society for Cardiovascular Magnetic Resonance. J. Am. Coll. Cardiol. 2010, 56, 1864–1894.

32. Gilard, M.; Le Gal, G.; Cornily, J.-C.; Vinsonneau, U.; Joret, C.; Pennec, P.-Y.; Mansourati, J.;
Boschat, J. Midterm Prognosis of Patients With Suspected Coronary Artery Disease and Normal



Coronary Atherosclerosis Imaging | Encyclopedia.pub

https://encyclopedia.pub/entry/12034 10/12

Multislice Computed Tomographic Findings: A Prospective Management Outcome Study. Arch.
Intern. Med. 2007, 167, 1686–1689.

33. Min, J.K.; Shaw, L.J.; Devereux, R.B.; Okin, P.M.; Weinsaft, J.W.; Russo, D.J.; Lippolis, N.J.;
Berman, D.S.; Callister, T.Q. Prognostic Value of Multidetector Coronary Computed Tomographic
Angiography for Prediction of All-Cause Mortality. J. Am. Coll. Cardiol. 2007, 50, 1161–1170.

34. Jiang, B.; Wang, J.; Lv, X.; Cai, W. Prognostic Value of Cardiac Computed Tomography
Angiography in Patients with Suspected Coronary Artery Disease: A Meta-Analysis. Cardiology
2014, 128, 304–312.

35. Fischer, C.; Hulten, E.; Belur, P.; Smith, R.; Voros, S.; Villines, T.C. Coronary CT angiography
versus intravascular ultrasound for estimation of coronary stenosis and atherosclerotic plaque
burden: A meta-analysis. J. Cardiovasc. Comput. Tomogr. 2013, 7, 256–266.

36. Voros, S.; Rinehart, S.; Qian, Z.; Joshi, P.; Vazquez, G.; Fischer, C.; Belur, P.; Hulten, E.; Villines,
T.C. Coronary Atherosclerosis Imaging by Coronary CT Angiography: Current Status, Correlation
With Intravascular Interrogation and Meta-Analysis. JACC Cardiovasc. Imaging 2011, 4, 537–548.

37. Bittencourt, S.M.; Hulten, P.E.; Ghoshhajra, A.B.; O’leary, L.D.; Christman, J.M.; Montana, W.P.;
Truong, J.Q.; Steigner, F.M.; Murthy, F.V.; Rybicki, F.F.; et al. Prognostic Value of Nonobstructive
and Obstructive Coronary Artery Disease Detected by Coronary Computed Tomography
Angiography to Identify Cardiovascular Events. Circ. Cardiovasc. Imaging 2014, 7, 282–291.

38. Butler, J.; Shapiro, M.; Reiber, J.; Sheth, T.; Ferencik, M.; Kurtz, E.G.; Nichols, J.; Pena, A.; Cury,
R.C.; Brady, T.J.; et al. Extent and distribution of coronary artery disease: A comparative study of
invasive versus noninvasive angiography with computed angiography. Am. Heart J. 2007, 153,
378–384.

39. Pathan, F.; Negishi, K. Prediction of cardiovascular outcomes by imaging coronary
atherosclerosis. Cardiovasc. Diagn. Ther. 2016, 6, 322–339.

40. de Knegt, M.C.; Linde, J.J.; Fuchs, A.; Pham, M.H.C.; Jensen, A.K.; Nordestgaard, B.G.; Kelbæk,
H.; Køber, L.V.; Heitmann, M.; Fornitz, G.; et al. Relationship between patient presentation and
morphology of coronary atherosclerosis by quantitative multidetector computed tomography. Eur.
Heart J. Cardiovasc. Imaging 2018, 20, 1221–1230.

41. Shishikura, D. Noninvasive imaging modalities to visualize atherosclerotic plaques. Cardiovasc.
Diagn. Ther. 2016, 6, 340–353.

42. Xie, Y.; Kim, Y.-J.; Pang, J.; Kim, J.-S.; Yang, Q.; Wei, J.; Nguyen, C.T.; Deng, Z.; Choi, B.W.; Fan,
Z.; et al. Coronary Atherosclerosis T1-Weighed Characterization with Integrated Anatomical
Reference: Comparison with High-Risk Plaque Features Detected by Invasive Coronary Imaging.
JACC Cardiovasc. Imaging 2017, 10, 637–648.



Coronary Atherosclerosis Imaging | Encyclopedia.pub

https://encyclopedia.pub/entry/12034 11/12

43. Andrews, J.P.M.; Fayad, Z.A.; Dweck, M.R. New methods to image unstable atherosclerotic
plaques. Atherosclerosis 2018, 272, 118–128.

44. Matsumoto, K.; Ehara, S.; Hasegawa, T.; Sakaguchi, M.; Otsuka, K.; Yoshikawa, J.; Shimada, K.
Localization of Coronary High-Intensity Signals on T1-Weighted MR Imaging: Relation to Plaque
Morphology and Clinical Severity of Angina Pectoris. JACC Cardiovasc. Imaging 2015, 8, 1143–
1152.

45. Jansen, C.H.P.; Perera, D.; Wiethoff, A.J.; Phinikaridou, A.; Razavi, R.M.; Rinaldi, A.; Marber,
M.S.; Greil, G.F.; Nagel, E.; Maintz, D.; et al. Contrast-enhanced magnetic resonance imaging for
the detection of ruptured coronary plaques in patients with acute myocardial infarction. PLoS ONE
2017, 12, e0188292.

46. Hamdan, A.; Asbach, P.; Wellnhofer, E.; Klein, C.; Gebker, R.; Kelle, S.; Kilian, H.; Huppertz, A.;
Fleck, E. A Prospective Study for Comparison of MR and CT Imaging for Detection of Coronary
Artery Stenosis. JACC Cardiovasc. Imaging 2011, 4, 50–61.

47. Sakuma, H.; Ichikawa, Y.; Chino, S.; Hirano, T.; Makino, K.; Takeda, K. Detection of Coronary
Artery Stenosis with Whole-Heart Coronary Magnetic Resonance Angiography. J. Am. Coll.
Cardiol. 2006, 48, 1946–1950.

48. Kato, S.; Kitagawa, K.; Ishida, N.; Ishida, M.; Nagata, M.; Ichikawa, Y.; Katahira, K.; Matsumoto,
Y.; Seo, K.; Ochiai, R.; et al. Assessment of Coronary Artery Disease Using Magnetic Resonance
Coronary Angiography: A National Multicenter Trial. J. Am. Coll. Cardiol. 2010, 56, 983–991.

49. Robson, P.M.; Dweck, M.R.; Trivieri, M.G.; Abgral, R.; Karakatsanis, N.A.; Contreras, J.; Gidwani,
U.; Narula, J.P.; Fuster, V.; Kovacic, J.C.; et al. Coronary Artery PET/MR Imaging: Feasibility,
Limitations, and Solutions. JACC Cardiovasc. Imaging 2017, 10, 1103–1112.

50. Wurster, T.; Landmesser, U.; Engel, L.-C.; Bigalke, B.; Makowski, M. Coronary Vessel Wall
Imaging: State of the Art and Future Directions. Curr. Cardiovasc. Imaging Rep. 2019, 12, 16.

51. Evans, N.R.; Tarkin, J.M.; Chowdhury, M.M.; Warburton, E.A.; Rudd, J.H.F. PET Imaging of
Atherosclerotic Disease: Advancing Plaque Assessment from Anatomy to Pathophysiology. Curr.
Atheroscler. Rep. 2016, 18.

52. Joshi, N.V.; Vesey, A.T.; Williams, M.C.; Shah, A.S.V.; Calvert, P.A.; Craighead, F.H.M.; Yeoh,
S.E.; Wallace, W.; Salter, D.; Fletcher, A.M.; et al. 18F-fluoride positron emission tomography for
identification of ruptured and high-risk coronary atherosclerotic plaques: A prospective clinical
trial. Lancet 2014, 383, 705.

53. Robson, P.M.; Dey, D.; Newby, D.E.; Berman, D.; Li, D.; Fayad, Z.A.; Dweck, M.R. MR/PET
Imaging of the Cardiovascular System. JACC Cardiovasc. Imaging 2017, 10, 1165–1179.

54. Ben-Haim, S.; Kupzov, E.; Tamir, A.; Israel, O. Evaluation of 18F-FDG Uptake and Arterial Wall
Calcifications Using 18F-FDG PET/CT. J. Nucl. Med. 2004, 45, 1816–1821.



Coronary Atherosclerosis Imaging | Encyclopedia.pub

https://encyclopedia.pub/entry/12034 12/12

55. Adamson, P.D.; Vesey, A.T.; Joshi, N.V.; Newby, D.E.; Dweck, M.R. Salt in the wound: (18)F-
fluoride positron emission tomography for identification of vulnerable coronary plaques.
Cardiovasc. Diagn. Ther. 2015, 5, 150–155.

56. Fiz, F.; Morbelli, S.; Piccardo, A.; Bauckneht, M.; Ferrarazzo, G.; Pestarino, E.; Cabria, M.;
Democrito, A.; Riondato, M.; Villavecchia, G.; et al. F-18-NaF Uptake by Atherosclerotic Plaque
on PET/CT Imaging: Inverse Correlation Between Calcification Density and Mineral Metabolic
Activity. J. Nucl. Med. 2015, 56, 1019–1023.

57. Dweck, M.R.; Aikawa, E.; Newby, D.E.; Tarkin, J.M.; Rudd, J.H.F.; Narula, J.; Fayad, Z.A.
Noninvasive Molecular Imaging of Disease Activity in Atherosclerosis. Circ. Res. 2016, 119, 330–
340.

58. Kwiecinski, J.; Dey, D.; Cadet, S.; Lee, S.-E.; Tamarappoo, B.; Otaki, Y.; Huynh, P.T.; Friedman,
J.D.; Dweck, M.R.; Newby, D.E.; et al. Predictors of 18F-sodium fluoride uptake in patients with
stable coronary artery disease and adverse plaque features on computed tomography
angiography. Eur. Heart J. Cardiovasc. Imaging 2020, 21, 58–66.

59. Kitagawa, T.; Yamamoto, H.; Toshimitsu, S.; Sasaki, K.; Senoo, A.; Kubo, Y.; Tatsugami, F.; Awai,
K.; Hirokawa, Y.; Kihara, Y. 18F-sodium fluoride positron emission tomography for molecular
imaging of coronary atherosclerosis based on computed tomography analysis. Atherosclerosis
2017, 263, 385–392.

Retrieved from https://encyclopedia.pub/entry/history/show/28381


