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Evaluation of Coronary Plaques
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The “Glagov Phenomenon”
Coronary Compensatory Arterial Remodeling
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Biological Factors Supporting Plaque Vulnerability



Plaque Progression



Figure 2. An example of 
plaque erosion, the typical 
presentation for sudden 
cardiac death in younger 
women. This example 
reveals an eccentric plaque 
with subocclusive
thrombus in multiple 
views and sections (a to d)
in a 58-year-old female 
smoker. Bairey-Merz CN 
et al. (WISE) Study:  
JACC 2006;47:S21-S29.

Plaque Erosion in Women



Abela GS, Aziz K. Cholesterol crystals cause mechanical damage to 
biological membranes: a proposed mechanism of plaque rupture and
erosion leading to arterial thrombosis. Clin Cardiol 2005;28:413-20.
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• Coronary Imaging Targets
– Coronary Stenoses
– Coronary Calcium
– Coronary Plaque Morphology 
– Plaque Temperature
– Thrombus

• Manifestations of Ischemia or Injury
– Myocardial Perfusion
– Regional Wall Motion
– Myocardial Leukocyte Infiltration
– Myocardial Apoptosis
– Myocardial Metabolism

Comparative Imaging
Coronary Heart Disease



• Invasive Imaging Techniques
– Optical Coherence Tomography (OCT)
– Intravascular Ultrasound (IVUS)

– Virtual Histology (backscatter radiofrequency)
– X-ray Lumenography (coronary arteriography)

– Angioscopy
– Thermography 
– Near-infrared (NIR). 

Comparative Imaging
Coronary Heart Disease



Vulnerable Plaque
Thermography



Topol EJ, Nissen SE. Our preoccupation with coronary luminology: the dissociation between 
clinical and angiographic findings in ischemic heart disease. Circulation 1995;92:2333–42.





Lesion (segment) Analysis
Volume and Plaque composition
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Figure 2. A, OCT image of a 
fibrocalcific aortic plaque showing 
a sharply delineated region with a 
signal-poor interior. B, 
Corresponding histology (H&E; 
magnification x40). Bar=500 µm. 
From: Yabushita H, BoumaBE, 
Houser SL, AretzHT, Jang IK, 
Schlendorf KH, Kauffman CR, 
Shishkov M, Kang DH, HalpernE, 
Tearney GJ. Characterization of 
human atherosclerosis by optical 
coherence tomography. Circulation. 
2002; 106: 1640–1645.

Optical Coherence Tomography (OCT)



Optical Coherence Tomography (OCT)

Figure 4: Optical coherence 
tomographic (OCT) scan of a pig's 
normal coronary artery. The high 
resolution of the image is apparent, 
particularly in the details of the 
pericardium, veins and the 
coronary-artery walls.  From:  E. 
Escolar, G. Weigold, A. Fuisz, and 
N. J. Weissman  New imaging 
techniques for diagnosing coronary 
artery disease
Can. Med. Assoc. J., 
February 14, 2006; 174(4): 487 -
495.



Figure 1. OCT images of 3 different types of atherosclerotic plaques. A, Lipid-rich plaque (L) covered by thin fibrous 
cap (arrow, magnified inset). B, Another type of lipid-rich plaque, but with thick fibrous cap. C, Dense, eccentric 
fibrous plaque (F) with no lipid component. A signal-rich, homogeneous reflective pattern is typical for fibrous tissue. 
In regions with no plaque (between 7 and 10 o’clock positions), intima, media, and adventitia are clearly visualized.  
From: Jang, I.-K. et al. Circulation 2005;111:1551-1555

Optical Coherence Tomography (OCT)



Optical Coherence Tomography (OCT)

Figure 2. Examples of plaque disruption in patients with recent myocardial infarction. A, Large lipid-rich plaque (L) 
with localized rupture of a fibrous cap with a flap protruding into lumen (arrow). B, Severe disruption of plaque 
(arrows) with a large mural thrombus (T). Lipid is present in whole circumference (L). G indicates guidewire artifact.  
From: Jang, I.-K. et al. Circulation 2005;111:1551-1555



Optical Coherence Tomography (OCT)

Figure 3. Frequency of thin-
cap fibroatheromas (TCFA) 
defined by lipid-rich plaque 
(2 quadrants) and fibrous 
cap thickness  65 µm. TCFA 
was observed in 72% of 
patients with AMI, in 50% 
of patients with ACS, and in 
20% of patients with SAP 
(P=0.012). From: Jang, I.-
K. et al. Circulation 
2005;111:1551-1555



• Noninvasive Imaging 
–Nonionizing

• Echo
• CMR

–Ionizing
• CVCT
• Nuclear

Comparative Imaging
Coronary Heart Disease



• Noninvasive Imaging (nonionizing)
– Echo

• Function
• Tissue Characterization
• Perfusion
• Proximal Coronary Patency

– CMR 
• Perfusion
• Viability
• Function 
• Plaque Composition
• Angiography

Comparative Imaging
Coronary Heart Disease



• Noninvasive Imaging (ionizing)
–CT 

• Coronary Calcium
• CT Angiography
• Plaque Morphology and Plaque Burden
• Perfusion
• Function

Comparative Imaging
Coronary Heart Disease



• Noninvasive Imaging (ionizing)
– Nuclear Molecular Imaging

• Myocardial Apoptosis
• Myocardial Metabolism

• Ischemia
• Inflammation
• Plaque Activity

• Perfusion
• Function

Comparative Imaging
Coronary Heart Disease



New Radiopharmaceutical Approaches for Nuclear Cardiology
Myocardial perfusion Tc-99m-N-NOET, I-123-iodorotenone

Fatty acid, glucose and 
oxidative metabolism

I-123-IPPA, I-123-BMIPP, C-11-glucose, C-11-
palmitate, F-18-DG, and C-11-acetate 

Neuronal integrity I-123-MIBG, C-11-hydroxyephedrine,           
C-11-CGP 12177 (beta-blocker)

Myocardial necrosis Tc-99m-glucarate, Tc-99m- and In-111-labeled 
bispecific antibody-polymer probes

Vascular proliferating SM cells, 
angiogenesis (� v� 3-integrin)

Z2D3 endothelin derivatives, diadenosine 
polyphosphate, In-111-RP748, Tc-99m-NC100692

Vascular lipid pool Antibody to oxidized LDL cholesterol

Apoptosis, Inflammation Tc-99m-Annexin V, Tc-99m-Leukotriene B4,
In-111-DPC11870

Gene expression PET reporter genes/reporter probes (e.g., VEGF 
expression), antisense oligodeoxynucleotides



Figure 4. Transaxial CT (left), PET (middle), and fused PET/CT (right) images. Aortic wall FDG uptake 
(grade 2) with calcification is demonstrated on the medial side of the lower descending aorta (arrow). FDG 
uptake (grade 3) is also seen on the lateral side of the aorta (arrowhead). This uptake is accompanied by 
small calcifications. The intensity of the golden color on the fused PET/CT image (right) corresponds to the 
gray scale on the PET image (middle). From: Tatsumi M, Cohade C, NakamotoY, Wahl RL. 
Fluorodeoxyglucose uptake in the aortic wall at PET/CT: possiblefinding for active atherosclerosis. 
Radiology. 2003 Dec;229(3):831-7.

FDG in Atheromatous Plaque



Figure 7. In vivo MR black-blood cross-sectional images of human coronary arteries 
demonstrating a plaque presumably with deposition of fat (arrow,A) a concentric fibrotic lesion 
(B) in the left anterior descending artery, and an ectatic, but atherosclerotic, right coronary artery 
(C). RV indicates right ventricle; LV, left ventricle. Modified from Fayad et al.43

From:  Fayad, Z. A., Fuster, V., Nikolaou, K., Becker, C. (2002). Computed Tomography and 
Magnetic Resonance Imaging for Noninvasive Coronary Angiography and Plaque Imaging: 
Current and Potential Future Concepts. Circulation 106: 2026-2034.
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Figure 22b. (b) Anthropomorphic numeric coronary artery phantom used to evaluate the influence of spatial resolution and section width 
on visualization of coronary artery lumen and coronary artery lesions. Lumen of the simulated contrast-enhanced (250-HU) left coronary 
artery (LAD) contains plaques with different properties (lipid plaque, 30 HU; fibrous plaque, 80 HU; calcified plaque, 500 HU) and stent 
with 50% in-stent luminal narrowing caused by 30-HU lesion. (c) Phantom was reconstructed with 1.0- (top), 0.75- (middle), and 0.25-mm 
(bottom) section widths, and proximal part of phantom artery was displayed with multiplanar reformations. Differentiation of lesions and 
visualization of stent lumen are possible with section widths of 1.0 mm or less. A 0.25-mm width reduces "blooming" (beam-hardening) 
artifacts arising from high-attenuating stent struts but does not necessarily provide improved delineation of noncalcified coronary lesions, 
owing to low signal-to-noise ratio and limited dynamic range for soft-tissue contrast. From: Schoepf, U. J. et al. Radiology 2004;232:18-
37.

Assessment of Plaque By CT



Catheter Angiography    IVUS              CTA

•Spatial resolution 100-200 microns   50-80 microns            350 microns
•Temporal resolution    5-10 ms                 NA                              40-100 ms
•Imaging Projection / 2D     Cross sectional          Cross sectional

Lumen                  Wall and lumen          Wall and lumen
•Plaque Character Inconsistent         More reliable              More reliable
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Figure 1 Angiographically nonobstructive lesion of 
the left anterior descending artery. (A) Invasive 
angiogram: arrow indicates a nonobstructive smooth 
lesion. (B) 64-slice computed tomography: 
arrowheads indicate a noncalcified plaque in the left 
anterior descending artery. (C) Intravascular 
ultrasound: longitudinal reconstruction. (D) 
Intravascular ultrasound cross section: lumen area 4 
mm2, plaque area 11 mm2. (E) Cross-sectional view 
of the coronary vessel. (F) Window setting for 
lumen measurements: width is reduced to 1 HU, 
window level is set to 65% (210 HU in this case) of 
the mean intensity measured in the lumen. (G) 
Window level to determine outer vessel boundaries 
(width at 155% of mean value within the lumen, 
level at 65% of mean value). Lumen area is 4 mm2, 
plaque area is 1 mm2.  Leber, A. W. et al. J Am Coll 
Cardiol 2005;46:147-154

Assessment of Plaque By CT
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Reference     Obstruction   % Stenosis

Effective Diam (mm)         4.1                  2.8                  33

Lumen Area ( mm2)         13.3                 6.0              55



Plaque Characterization by CTA
Post-Mortem Analysis (Knollman, Int J CV Imag 2008)





Fig. 4 (a) Comparison of non-calcified plaque area measurements (in mm2) by CT and 
histopathology; (b) Bland-Altman plot showing the deviation of non-calcified plaque area 
measurements (in mm2) by CT from histopathology.  Knollman et al., J Cardiovasc Imag 2008.



Fig. 5 (a) Comparison of lipid core size measurements (in mm2) by CT and histopathology; (b) 
Bland-Altman plot showing the deviation of lipid core size measurements (in mm2) by CT from 
histopathology.  Knollman et al., J Cardiovasc Imag 2008.



• MDCT matched histology on:
– total plaque area (r = 0.73, P < 0.0001) 

– calcified plaque area (r = 0.83, P < 0.0001)

• Moderately predicted 
– non-calcified plaque area (r = 0.53, P < 0.0001)
– lipid core size (r = 0.43; P < 0.0001)

• MDCT overestimated all plaque areas except 
lipid core size, which was underestimated. 

Plaque Characterization by CTA
Post-Mortem Analysis (Knollman, Int J CV Imag 2008)



• Comparison of Techniques Today
– Coronary calcium provides therapeutic target
– CMR less practical for the practitioner, but may grow 
– Noninvasive angiography spreading with MDCT
– CT has role in non-coronary causes of chest pain, risk stratifying on the 

basis of plaque is a work in progress

• Predictions for the Future
– Modalities determined by politics and reimbursement
– PET/CT and SPECT/CT will play a unique role for evaluating plaque 

and ischemia 
– CMR will develop more slowly, but will play an important role

Coronary Plaque Imaging
Overview



Questions


