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TAP       32 (100%) 13 (72.2%)     11 (73.3%)     7 (53.8%)

Organized 0                     4 (22.2%)      4 (26.7%)   5 (38.5%)
thrombus

0-2 m          3-6 m             7-24 m          >24 m

Thrombotically Active Plaques (TAP)
in patients with stroke

No thrombosis 0                    1 (5.6%)         0               1 (7.7%)

Months after stroke

Spagnoli LG et al JAMA  2004; 292:1845-1852)
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No. of Plaques

Patients with Major
Ipsilateral Stroke
(N=96)

Patients with 
TIA
(N=91)

Asymptomatic
(N=82) 

Thrombotically active plaque (n,%)

Cap Rupture

Cap Erosion

Angiographic stenosis (%)

Ipsilateral carotid

Controlateral Carotid

86.1

60.9

71 (74.0)

64 (66.7)

7 (7.3)

79.5

64.2

32 (35.2)

21 (23.1)

11 (12.1)

84.6

57.5

12 (14.6)

11 (13.4)

1 (1.2)

Spagnoli LG, Mauriello A et al, JAMA 2004; 292:1845-1852

Clinically
Silent 
TAP

Asymptomatics vs. Stroke:   p = 0.0001

TIA vs. Stroke:               p = 0.0005
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P = 0.001

Cap Inflammation
(macrophages and
T-lymphocytes)

TAP Inflammation correlates with symptoms
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Carotid TAPs: morphologic  subtypesCarotid TAPs: morphologic  subtypes

Occlusive thrombosis Suboccclusive thrombosis

erosion rupture&ulceration



Calcific 
nodule

… a special type
of carotid TAP



The Vulnerable Plaque (TCFA) : definitions

“… which lesions are likely to rupture”
(Muller et al., 1992)

“lesions composed of a lipid-rich core in the central portion of an eccentric plaque, 
with a thin, friable fibrous cap”

(Libby et al, 1994)

“lesion with a fibrous cap < 65 µµµµm thick and infiltrated by macrophages (>25 
cells per 0.3 mm diameter field)”

(Burke et al, 1997 – in coronaries)
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(Mauriello A, Sangiorgi G et al JACC in press)



A Vulnerable carotid Plaque overlying a large atheromasic core in a 
Fibrous Cap Atheroma



A Vulnerable carotid Plaque overlying an Healed Plaque Rupture
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Inflammatory infiltrateInflammatory infiltrate

CoreCore

ShoulderShoulder
Fibrous tissueFibrous tissue



Evaluation of plaque inflammation

number/ mm2 of monocytes/macrophages (CD68+) and 
T-lymphocytes (CD3+)

(cap & shoulder)

CD3CD68



R2 = 0.20  p = 0.001
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Plaque inflammation (inflammatory cells x mm2)



 Stable  
plaques 

(312 CS)* 
(I) 

Vulnerable 
plaques 

(101 CS) * 
(II) 

Ruptured 
plaques 

(59 CS) * 
(III) 

 
P 

I vs. II 

 
P 

I vs. III 

 
P 

II vs.III 

 
Cap thickness  
(µµµµm + SD)  
 

 
 

156.1 + 94.1 

 
 

100.3 + 32.3 

 
 

92.2 + 36.4 

 
 

0.001 

 
 

0.001 

 
 

0.22 

 
Cap Macrophage 
infiltration  
(N cell x hpf + 
SD)  
 

 
 
 

6.1 + 10.8 

 
 
 

50.7 + 20.7 

 
 
 

45.0 + 20.1 

 
 
 

0.001 

 
 
 

0.001 

 
 
 

0.13 

 
Lipid-necrotic 
core (area % + 
SD)    
 

 
 

29.2 ± 22.3 

 
 

43.7 ± 14.7 

 
 

46.1 + 13.5 

 
 

0.001 

 
 

0.001 

 
 

0.29 

 
Calcification  
(area % + SD)   
 

 
 

12.6 ± 15.9 

 
 

3.3 ± 5.9 

 
 

4.1 + 6.1 

 
 

0.001 

 
 

0.001 

 
 

0.46 

 
Intraplaque 
hemorrhage  
(N, % ) 
 

 
 
 

61 (19.6%) 
 

 
 
 

31 (30.7%) 
 

 
 
 

41 (69.5%) 

 
 
 

0.02 

 
 
 

0.001 

 
 
 

0.001 

 
Fibrous tissue 
(area% + SD)   
 

 
 

37.9 ± 17.7 

 
 

29.6 ± 16.6 

 
 

25.6 + 11.7 

 
 

0.001 

 
 

0.001 

 
 

0.08 

 
             (*)  CS = carotid segments 
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 (I) 
Stroke 
(N=63) 

(II) 
TIA 

(N=69) 

(III) 
Asympto-

matics 
(N=77) 

 
I vs II 

P 

 
I vs III 

P 

 
II vs III 

P 

 
Pts with TCFA,    (%) 
 
      1 TCFA 
      > 1 TCFA 
 

 
31 / 63 (49.2) 

 
27 (42.9) 

4 (6.3) 

 
27 / 69 (39.7) 

 
20 (29.4) 
7 (10.3) 

 
27 / 77 (35.1) 

 
22 (28.6) 

5 (6.5) 

 
0.25 

 
0.11 

 
0.61 

 
TCFA associated with: 
  
  acute thrombotic plaques 
  healed plaque rupture 
  stable plaques 
 

 
 
 

26 / 51 (51.0) 
4 / 8 (50.0) 
1 / 4 (25.0) 

 
 
 

7 / 18 (38.9) 
7 / 22 (31.8) 
13 / 29 (44.8) 

 
 
 

7 / 16 (43.8) 
13 / 35 (37.1) 
7 / 26 (26.9) 

 
 
 

0.38 
0.36 
0.45 

 
 
 

0.61 
0.50 
0.93 

 
 
 

0.77 
0.68 
0.17 

�
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3

NC

100 υm

100 υm

CD68

CD68

(Mauriello A, Sangiorgi G et al, JACC, submitted)
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Are Rupture and Healing cyclic stages in plaque evolution? Are Rupture and Healing cyclic stages in plaque evolution? Are Rupture and Healing cyclic stages in plaque evolution? 

nc
nc

nc nc

Previous 
rupture sites
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Future perspectives



The cooperative study group of carotid arteriosclerotic disease
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