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Pathology of 
Vulnerable Plaque
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Prevention/Treatment Paradigms
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Non-Progressive and Progressive 
Coronary Plaques
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Plaque Rupture Paradigm



Similarity of Plaque Rupture and 
Thin cap fibroatheromas (vulnerable plaques)

Thin cap fibroatheroma

• Necrotic core

• Thin fibrous cap (< 65 um)

• Cap infiltrated by macrophages and lymphocytes

• Cap composition – type 1 collagen with few or 

absent smooth muscle cells

Plaque Rupture

• Discontinuous thin fibrous cap

• Macrophage, T-cell infiltration of cap

• Underlying large necrotic core

• Neovascularization

• Expansive remodeling

• Luminal thrombus 

NC

nc Thrombus



Kataoka Y, et al. Atherosclerosis. 2015;242:490-495. 

Achieving Lower LDL-C Levels Was Shown to be 
Associated With Less Plaque Rupture

LDL-C < 50 mg/dL (87 
plaques)

LDL-C 50–70 mg/dL
(81 plaques)

LDL-C 70–100 mg/dL
(117 plaques)

LDL-C > 100 mg/dL
(130 plaques)

P-value

Plaque location

LAD, n (%) 40 (46.1) 40 (49.3) 68 (58.1) 67 (51.5) 0.48

LCX, n (%) 23 (26.4) 25 (30.9) 29 (24.7) 43 (33.1) 0.50

RCA, n (%) 24 (27.5) 16 (19.8) 20 (17.2) 20 (15.4) 0.89

Characteristics of plaques

Fibrous Plaque, n (%) 45 (51.7) 35 (43.2) 26 (22.2) 16 (12.3) 0.01

Lipid plaques, n (%) 42 (48.2) 46 (56.7) 91 (77.7) 114 (87.6) 0.01

Lipid content at lipid plaques (n = 293)

Averaged lipid Arc (°) 173 ± 76 175 ± 88 196 ± 102 234 ± 85 0.01

Lipid length (mm) 5.9 ± 6.1 5.8 ± 7.0 6.2 ± 5.8 6.7 ± 6.8 0.12

Plaque microstructures at lipid plaques (n = 293)

Fibrous cap thickness (um) 139.9 ± 93.9 103.1 ± 66.4 92.5 ± 48.5 92.1 ± 47.8 0.001

TCFA, n (%) 2/42 (4.7) 4/46 (8.6) 15/91 (16.4) 29/114 (25.4) 0.01

Microchannel, n (%) 3/42 (7.1) 7/46 (15.2) 15/91 (16.4) 24/114 (21.1) 0.14

Plaque rupture, n (%) 1/42 (2.3) 2/46 (4.3) 7/91 (7.6) 12/114 (10.5) 0.17

Thrombus, n (%) 0/42 (0.0) 1/46 (2.1) 2/91 (2.1) 3/114 (2.6) 0.18

Plaque-based comparison of FD-OCT findings 

FD-OCT = frequency-domain optical coherence tomography, LAD = left anterior descending artery, LCX = left circumflex artery, LDL-C = low-density lipoprotein cholesterol, RCA = right coronary artery, 

TCFA = thin-cap fibroatheroma. 



CTTC = Cholesterol Treatment Trialists’ Collaboration.
1. Raymond C, et al. Clev Clin J Med. 2014;81:11-19. 2. Cholesterol Treatment Trialists’ (CTT) Collaboration. Lancet. 2010;376:1670-1681. 

IDEAL
(less intense

LDL-C management)

E
v
e

n
t 

R
a

te
 i
n

 S
e

c
o

n
d

a
ry

 P
re

v
e

n
ti

o
n

 T
ri

a
ls

 (
%

)

Mean Treatment LDL-C Level at Follow-up (mg/dL)

0 20 40 60 80 100 120 140 160 180 200

30

25

20

5

0

15

10

PROVE-IT
(intense LDL-C management)

HPS

TNT
(intense LDL-C management)

PROVE-IT
(less intense LDL-C management) 

TNT
(less intense LDL-C management)

LIPID HPS

4S

LIPID

MIRACL

CARE

CARE

IDEAL
(intense LDL-C management)

MIRACL

A to Z
(more intense LDL-C management)

A to Z
(less intense LDL-C management)

Oral lipid-lowering comparator

Placebo comparator

4S

CTTC Meta-analysis of major lipid secondary prevention statin trials conducted in 2010: 

Median follow-up ~ 5 years, N = 169,1382

There Is a Linear Correlation Between LDL-C Lowering 
and Lowering Risk of CV Events in Statin Trials1,2



Characteristics of non-culprit plaques which went on 
to cause events

Kubo T, Ino Y, Mintz GS, et al. Optical coherence tomography detection of vulnerable plaques at high risk of developing acute 

coronary syndrome. Eur Heart J Cardiovasc Imaging. 2021. 10.1093/ehjci/jeab028; PMID: 33619524



TCFA+PB>70%+MLA<4md conferred a hazard ratio of 11.05 

yet 88.2 percent of patients with similar plaques did not have a MACE events

Most of these events were for angina not MI– and in the vast majority of so

called high risk plaque there was no events at all!

Event rate in plaques without these features was also not insubstantial



Mechanisms contributing to the rapid plaque 
progression before Plaque Rupture

Modified from Ahmadi et al. Circ Res. 2015;117:99-104
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Neovascularization
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rupture &
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Months to years prior to MI “seemingly” non-progressive 

mild plaque that continues to grow outwardly
Weeks to months prior to MI, rapid plaque progression 

followed by plaque rupture

Plaque reaches the limit of outward growth (positive 

remodeling) and starts to rapidly grow inwardly
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Factors that may help explain the conversion of a TCFA (vulnerable 
plaque) to PR 
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Plaque Erosion



A

E

C

D F

M

T-cells PLT Fibrin

Plaque erosion in a 33 year-old female complaining of 

chest pain for two-weeks and discharged from the emergency

room with a diagnoses of anxiety.
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Plaque Erosion: 30-35% of thrombi in SCD





Peter Libby. Circulation Research. Reassessing the Mechanisms of 

Acute Coronary Syndromes, Volume: 124, Issue: 1, Pages: 150-160, 

DOI: (10.1161/CIRCRESAHA.118.311098) 

©  2018 American Heart Association, Inc.

Mechanisms of Plaque Erosion



Calcified nodules
2-7% of thrombi in SCD



*±5mm from bifurcated site of left coronary artery
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Coronary distribution of calcified nodule lesions
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Degree of circumferential sheet calcification 

in proximal, culprit, and distal section of 

calcified nodule

Figure 1B
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Chen & Schunkert, 
Journal of Internal Medicine, 2021



Polygenic Risk Scores and
Cardiovascular Diseases

Polygenic Risk Scores (PRS)…

• summarize the estimated effect of a number of genetic variants on an 
individual's phenotype

• typically calculated as a weighted sum of trait-associated alleles

• generated from genome-wide association study (GWAS) data



Associations 
with Thin-Cap 
Fibroatheroma



➢ Plaque rupture, Plaque erosion, and Calcified Nodule are all causes of intracoronary thrombosis

➢ Vulnerable plaques (TCFA) is a likely precursor lesions of rupture. Lipid Metabolism and 
inflammation play an important role in plaque progression towards rupture. 

➢ Intraplaque hemorrhages are responsible for enlargement of necrotic core, plaque progression 
and may be an important target for imaging.

➢ The risk factors for plaque erosion remain poorly understood but the pathophysiology of this 
disease involves shear induced alternations in endothelial function leading to endothelial 
damage and thrombus formation

➢ Calcified nodule is a poorly understood entity.  Our data suggests that fibrous cap disruption in 
calcified nodule and overlying thrombosis is initiated through the fragmentation of calcified 
necrotic cores which is flanked between areas of hard circumferential sheet calcification in highly 
tortuous coronary arteries.

➢ Genetic Risk Scores will play an important role in primary prevention in the future and may help 
to decrease the incidence of vulnerable plaques prone to plaque rupture through early access to 
medical therapies

New Insights into Plaque Vulnerability


