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Development of Human Coronary Atherosclerosis
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Conversion to Atherosclerosis
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Differential Expression of Differential Expression of HyaluronanHyaluronan andand
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Remodeling in Varying Coronary
L i M h l iLesion Morphologies
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Morphometric assessment of 
l f 72 t ith SCDplaques from 72 pts with SCD

Plaque Type IEL mm2 Stenosis % Necrotic 
core %

Macrophage 
(%CD68)

Pathologic intimal
thickening (n=125) 6.5+4.0 43.0±16.1 0.1±0.4 0.1±0.2

Fibroatheroma
(n=262) 9.2±4.9 64.5±17.8 11.2±13.2 1.1±1.5

Thin-cap Fibro-
atheroma (n=46) 12.8±7.9 67.0±15.5 21.6±23.7 2.0±1.9

Plaque rupture 
(n=55) 13.2±6.4 79.8±14.4 29.0±19.0 5.3±5.4

P value <0.0001** <0.0001* <0.0001*** <0.0001*



Frequency and Location of Unstable Lesions 
in the Coronary Circulation
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Do thin cap fibroatheromas (vulnerable 
plaques) go on to Rupture?

nc

nc ?

Thrombus

Thin cap fibroatheroma
• Necrotic core

Plaque Rupture
• Discontinuous fibrous cap
U d l i ti• Thin fibrous cap (< 65 m)

• Cap infiltrated by macrophages and   
lymphocytes

• Underlying necrotic core
• Luminal thrombus 

• Cap composition – type 1 collagen with few or 
absent smooth muscle cells



What can you detect now?What can you detect now?

• Plaque detection → Definitely!• Plaque detection           → Definitely!

• Plaque size  → Definitely!q y

• Plaque type  → Probably

• Necrotic core size      → Probably

Fib thi k → P ibl• Fibrous cap thickness → Possibly



OKOK…

So, detect the “thin‐fibrous cap” in the 
proximal epicardial coronary arteries and 

treat them!!!

Is it that simple?Is it that simple?



Frequency of TCFAs in various 
causes of death
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S W d i f tiSo… We need more information



Relationship of Fibrous Cap Thickness to 
Macrophage Infiltration MMP‐1
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Macrophages in Vulnerable PlaqueMacrophages in Vulnerable Plaque
Thin‐cap fibroatheromaThin cap fibroatheroma

Movat Kp‐1 (Macrophage)

Ruptured Plaque

Movat Kp‐1 (Macrophage)



Percentage of CrossPercentage of Cross‐‐SectionalSectional‐‐AreaArea
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It is possible that TCFAs rapidly progress in termsIt is possible that TCFAs rapidly progress in termsIt is possible that TCFAs rapidly progress in terms It is possible that TCFAs rapidly progress in terms 
of %stenosis before it rupturesof %stenosis before it ruptures



Rapid Necrotic expansion is 
definitely one of the  important 
factors for plaque rupture!



Similarities between hemorrhagic pericarditis
d b h

B CA 
and Fibroatheroma
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Morphometric Analysis of Hemorrhagic Events in Morphometric Analysis of Hemorrhagic Events in 
Human Coronary Plaques from Sudden Death VictimsHuman Coronary Plaques from Sudden Death Victims

GpA Necrotic Core M
Plaque Type

PIT no core

Gp
Score Iron

ec ot c Co e
(mm2)

M
(mm2)

PIT no core
(n=129)
FA early core
(n=79)

0.09±0.04

0.23±0.07

0.07±0.05

0.17±0.08

0.0

0.06±0.02

0.002±0.001

0.018±0.004( )
FA late core
(n=105)
TCFA

*0.94±0.11 *0.41±0.09 *0.84±0.08 *0.059±0.007

(n=52) *1.60±0.20 *1.24±0.24

Values are reported as the means±SE, *p<0.001 versus early core.  The number in parenthesis represent the
number of lesions examined;the total number= 365 M = macrophages

*1.95±0.30 *0.142±0.016

number of lesions examined;the total number= 365.  M = macrophages

Kolodgie FD, et al. New Engl J Med 2003



A Evidence that Human Coronary Plaques 
Express a Latent Proangiogenic
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Intraplaque Vasa Vasorum in CoronaryIntraplaque Vasa Vasorum in CoronaryIntraplaque Vasa Vasorum in Coronary Intraplaque Vasa Vasorum in Coronary 
Plaques with a Necrotic CorePlaques with a Necrotic Core

A B

150 m thick sections stained with Ulex

nc
nc



Thin‐Cap Fibroatheroma
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We are close!!!

But Close Enough?g
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Catch me if you can!Catch me if you can!

Imaging BiomarkersPhysiological
markersmarkers
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Summaryy

Pl i d th t fPlaque progression and the concept of 
“vulnerable plaque” has been well‐vulnerable plaque  has been well
understood morphologically by pathology 
and imaging modalities 

H h i f iHowever, the trigger of progression or 
plaque rupture remains unclearplaque rupture remains unclear

Therefore, we still need more information ,
to detect “vulnerable patients” timely


