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ABSTRACT  
Background Atherosclerosis is an arterial inflammatory process which causes associated tissue ischemia of 
different degrees. It is not yet calculated an index of plaque vulnerability as a histological marker of acute 
cardiac event risk at these patients. Aim of the study This retrospective study aimed to answer the question of 
whether the index of plaque vulnerability can appreciate the risk of atherothrombosis of the erosive plaques 
using histological measurements. Material and methods 30 patients were included in the study. American 
Heart Association (AHA) classification was used for appreciating the histological degree of ATS lesions on 
endarterectomy pieces. In all patients, intima-media thickness (IMT), erosion depth, and parietal thrombosis 
area were assessed. Results The proposed vulnerability index showed that about 50% of patients have a medium 
risk of plaque vulnerability and of associated acute coronary syndrome (ACS). Conclusions The index of 
plaque vulnerability may be used as a reference in ATS assessment by using intravascular ultrasound (IVUS) 
methods. 
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INTRODUCTION 

Atherosclerosis (ATS) is a chronic 
inflammatory condition converted to an acute 
clinical event by the induction of erosion or 
the rupture of the plaque with secondary 
thrombosis.  

Over the past 20 years, numerous 
contributions have been brought to the study 
of ATS lesions progression (1, 2). Yet, we are 
still unable to predict them and consequently 
to prevent the occurrence of complications. 
The causes of lesions progression from an 
asymptomatic fibro-atheromatous plaque 

(FAP) to a high risk lesion are not well 
known. Why does a stable plaque become 
vulnerable and how can we prevent this 
process? The contribution of anatomo-
pathologists has proven essential in showing 
the role of the vulnerable plaque (VP) in the 
thrombus formation (3). The vulnerable 
plaque concept led to a better understanding 
of the mechanisms that might contribute to 
the acute arterial occlusion (4).  

This study aims to provide a morphometric 
analysis of erosive atherosclerotic plaques as 
well as the calculation of their vulnerability 
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index in order to evaluate the acute coronary 
syndrome (ACS) risk.  

 
MATERIAL AND METHODS 

The quantitative morphometric 
microscopic study was performed on 30 
endarterectomy samples obtained from the 
Institute of Cardiovascular Diseases, Iasi, 
taken from patients with minor cerebral 
vascular strokes and peripheral arterial 
diseases, aged between 30 and 78, in the 
period between 2003 and 2005. 

The endarterectomy samples under study 
were taken from medium-sized muscular 
arteries with atherosclerotic lesions of 
different degrees in compliance with the 
AHA classification. Our aim was to evaluate 
the erosive vulnerable plaques in connection 
to the intima-media thickness and parietal 
thrombosis. The study was performed on 
microscopic sections selected by means of the 
20X objective. The images were transferred 
from the microscope with a video camera 
connected to a Pentium PC. Quantitative 
measurements were performed using the 
Olympus Micro-Image program. 

Standard measurements focused on a 
series of standard geometric descriptors of the 
ATS plaque components: (1) intima-media 
thickness, (2) erosion depth and (3) mural 
thrombosis area. We did not consider other 
observed histological parameters such as (4) 
intra-plaque haemorrhage area, (5) calcium 
deposits area and (6) inflammatory 
infiltration area, as these do not represent 
important elements of the erosive 
atherosclerotic plaque. We measured the most 

representative dimensions and areas of each 
lesion under study. 

For the statistical study we used the t-
Student test. This test calculates a t value 
based on the average value and standard 
deviation for each particular batch, depending 
on the number of degrees of freedom. Data 
was charged and processed with the help of 
statistic functions in EPIINFO and EXCEL. 
 
RESULTS 

ATS is a complex disease in which lipids 
accumulation, inflammation and the thrombus 
formation play a major role. If 
atherothrombosis can be evaluated in 
accordance with histological criteria and 
according to the AHA classification, similarly 
the vulnerable plaque can be evaluated 
morphologically by identifying certain 
cytohistological markers that we have 
underlined in our study. Taking into account 
their importance in the progression of the 
stable ATS lesion towards an instable lesion, 
we proposed the calculation of a vulnerability 
index of the erosive plaque, which we 
evaluated on endarterectomy samples. 

In order to appreciate the vulnerability 
index we have considered morphological 
parameters that can be evaluated as well by 
means of recent imagistic methods (computed 
tomography, intravascular ultrasound, etc.) 
resulting thus the importance and practical 
usefulness of this index in the diagnosis of 
VP and especially in choosing the adequate 
treatment. The parameters we used were: 
intima-media thickness, endothelial erosion 
(EE) and mural thrombosis (MT)(Table 1). 

Table 1. Criteria for appreciating the plaque vulnerability index 

Lesion/score 0 absent 1   low 2   medium 3   high 
IMT > 2.5mm 0 1-3 3-5 > 5 
EE > 0.2 mm 0 > 0.2 > 0.4 > 0.6 
MT    mm2  0 < 100 < 200 > 200 

While studying the morphologic markers 
of the erosive vulnerable plaque we noticed 

that all values for the intima-media thickness 
are over the normal value of 2.5 mm. In case 
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of erosion it is noticed that the percentage of 
erosions represents 60% of the total number 
of studied plaques while all erosions are over 
0.2 mm. Mural thrombosis was only noticed 
in 8 cases, that represents 26.7% of the total 
number of cases. In all cases the index was 
calculated by summing up the scores obtained 
for the three selected markers, evaluated from 

0 to 3 (Table2). 
The cases we analyzed presented the 

following scores and vulnerability indices of 
the plaques (Table 3). 

The measurement of the plaque 
vulnerability index showed in more than 30% 
of the plaques an index higher than or equal 
to 5 (Figure 1). 

Table 2. Plaque vulnerability index 

Plaque vulnerability index  (PVI) 

IMT 
mm 

Score 
EE 
mm 

Score 
MT 
mm2 Score 

PVI= 
IMT+EE+MT 

Absent 0 Absent 0 Absent 0 0 

Low  1 Low  1 Low  1 3 

Medium 2 Medium 2 Medium 2 6 

High 3 High 3 High 3 9 

Table 3. Average values of studied parameters and the attributed score 

Sample PVI  (mm) (mm2)  

IMT score Erosion score Thrombosis score 

1 3 6.22 3 0 0 30.39 1 

2 1 2.93 1 0 0 0 0 

3 1 2.78 1 0 0 0 0 

4 3 5.97 3 0 0 0 0 

5 3 6.04 3 0 0 0 0 

6 1 2.64 1 0 0 0 0 

7 9 5.04 3 0.82 3 222.01 3 

8 5 3.87 2 0.40 2 5.11 1 

9 4 3.32 2 0.35 1 4.21 1 

10 5 3.72 2 0.40 2 3.40 1 

11 2 3.34 2 0 0 0 0 

12 2 3.28 2 0 0 0 0 

13 2 2.64 1 0.25 1 0 0 

14 3 4.81 2 0.35 1 0 0 

15 2 3.23 2 0 0 0 0 

16 5 3.36 2 0.46 2 2.79 1 

17 3 3.53 2 0.24 1 0 0 

18 3 2.87 1 1.54 2 0 0 

19 2 2.91 1 0.23 1 0 0 

20 5 3,30 2 0.92 3 0 0 
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21 2 2.64 1 0.25 1 0 0 

22 4 3.73 2 0.55 2 0 0 

23 4 2.55 1 0.77 3 8.14 1 

24 2 4.04 2 0 0 0 0 

25 2 3.43 2 0 0 0 0 

26 2 4.08 2 0 0 0 0 

27 4 3.93 2 0.50 2 0 0 

28 6 3.53 2 0.25 1 219.65 3 

29 4 4.78 2 0.40 2 0 0 

30 5 6.06 3 0.30 1 0 0 

Average DS 3.82  1.10 0.50  0.33 61.96  98.47  

Standard error 0.20 0.06 97.87  

 
Figure 1. Vulnerability index of the analyzed plaques 

The cases we analyzed showed that the 
vulnerability risk was low in a percentage of 
50% respectively low in a percentage of 
46.7%. A single plaque recorded a cumulated 
index of 9 that belongs to a higher 
vulnerability risk. 

The measurement of plaque vulnerability 
index has a major practical importance. 
Morpho-imagistic correlative morphometric 
studies might allow in the future the 
prediction of the plaque vulnerability risk and 
the choice of therapeutic strategies based only 
on an imagistic analysis, thus: (1) if the index 
is low <3, medical therapy is recommended; 
(2) when the risk has a medium value, 
between 4 and 6, one has to consider medical 
therapy + interventional therapy; (3) a high 
vulnerability risk, between 6 and 9 requires 

emergency interventional therapy. 
Consequently, the value of the plaque 
vulnerability risk requires therapeutic 
measures corresponding to each degree of 
risk in order to prevent arterial occlusion. 
 
DISCUSSIONS 

The plaque rupture (PR) and the plaque 
erosion (PE) are essential lesions involved in 
the plaque vulnerability. Initially, the term 
“vulnerable plaque” was specifically used to 
define a plaque that was prone to rupture (5). 
Later, the definition of the vulnerable plaque 
was extended to “a plaque prone to 
thrombosis”, bearing the risk of transitory or 
permanent arterial occlusion. (1) 

Consequently, the concept of plaque 
vulnerability should be associated with the 
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thrombus formation and implicitly the 
occurrence of acute coronary syndrome 
(ACS) with myocardial infarction risk (6). 

a. Plaque rupture. Libby notes that 
Davies had described plaque rupture 
approximately 30 years ago (7). 

There are various cells involved in plaque 
rupture. At the cellular level, the main factors 
are the endothelial cells, the smooth muscle 
cells, macrophages, T lymphocytes, and 
PMNs as well as their mutual interactions that 
eventually lead to plaque rupture (8). 

Endothelial cells play a pivot role as they 
represent the major barrier against thrombosis 
and their malfunction attracts inflammatory 
cells in the plaque where they are able to 
participate in thrombosis (9, 10). 

Smooth muscular cells guarantee the 
integrity of the arterial wall being responsible 
for the production of the extracellular matrix 
and collagen fibres (11, 12). 

The macrophages represent the “Trojan 
horse” of the ATS plaque. They play a central 
role in the non-specific inflammation due to 
the cytokine secretion, and concentrates 
peroxidized lipids becoming foam cells. 
Foam cells can actively weaken the fibrous 
head by the metalloproteinase secretion 
(MMPs) (13, 14). 

T lymphocytes are responsible for the 
specific inflammation that depends on 
epitopes, called LDL (15). T lymphocytes are 
sending messages to the smooth muscular 
cells and macrophages and influence the 
inflammatory process, particularly by 
activating the metalloproteinase (MMPs) 
(16). In the weakened plaque, the number of 
metalloproteinase (MMPs)-producing 
macrophages is increased while the number 
of smooth muscular cells that repair the extra-
cellular matrix is diminished (17). This 
unbalance between the synthesis and 
degradation of the extra-cellular matrix 
represents a solid foundation for the plaque 
rupture (18, 19). 

b. Plaque erosion is a less known process 
identified at a distinct group of patients 
(young, smokers, females).  As opposed to 
the plaque rupture, the eroded plaque is rich 
in smooth muscular cells and prostaglandins 
and contains less macrophages, T 
lymphocytes and calcifications. The plaque 
erosion rate in necropsy studies in patients 
after sudden cardiac death was between 25-
44% (20). Thus, plaque erosion should no 
longer be ignored while developing 
prevention strategies for the vulnerable 
plaque. Interestingly, the inflammation does 
not seem to play such an important role in 
erosion as it does in the plaque rupture. 

Plaque erosion is defined as an 
endothelium abrasion without plaque rupture. 
It has been recently shown (5, 21) that the 
apoptosis of endothelial cells leads to plaque 
erosion. Which are the triggers of the 
endothelial apoptosis? It has been 
demonstrated that all risk factors for ATS 
promote endothelial dysfunction and in vitro 
apoptosis. Nevertheless, in vivo, Burke and 
colleagues (1) have demonstrated that 
smoking was connected to plaque erosion 
while, surprisingly, high cholesterol values 
did not represent a risk factor (22, 2). As well 
as this they have shown that the population 
presenting a higher risk of plaque erosion is 
much younger than the population presenting 
a high plaque rupture risk and comprises 
more women. Interestingly, plaque rupture 
occurs more rarely in female patients. 
 
CONCLUSIONS 

1. Our study is the first in our country to 
perform a morphometric examination of the 
erosive atherosclerotic plaque and to propose 
a vulnerability index for it by means of which 
one can establish the vulnerability risk of 
erosive plaques and eventually establish 
associated therapeutic principles. 

2. The histologically calculated risk can 
also be applied to imagistic techniques. 
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3. The validation of the technique can 
only be performed after the correlation of 

histologic-imagistic evaluations. 
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