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A b s t r a c t

The only method giving the possibility of a thorough assessment of plaques instability, is a histologic examination.
Three plaques categories were distinguished: unstable, potentially unstable and stable. The distribution of particular
types of plaques was similar in symptomatic and asymptomatic patients. Over three quarters of lesions which could
correspond to stable plaques in a macroscopic assessment, microscopically fulfilled the criteria for unstable or poten-
tially unstable ones (the number of confirmed stable lesions vs the number of unconfirmed ones, 13 vs. 51 respectively,
p < 0.0001). In a microscopic assessment made for all the plaques altogether, 52 plaques (58.4%) were considered unsta-
ble; 18 (20.2%) fulfilled the criteria for potentially unstable ones. The remaining 19 plaques (21.4%) were classified as
plaques of stable structure. Unstable plaques constituted a significant majority (unstable vs potentially unstable and
unstable vs. stable, p = 0.0006 and p = 0.0008 respectively). 
Due to the fact that majority of carotid atheromatous plaques appear to be unstable or potentially unstable because
of the inflammation and related mechanisms, the role of the inflammatory-immunologic component of atheroscle-
rosis should be used in prophylaxis of stroke and the new therapeutic concepts worked out.
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Introduction

In a majority of cases, an ischaemic stroke happens
as a result of arteriosclerosis in arteries supplying the
brain. Research conducted over the years shows that
not only the presence of plaques but also their char-
acter creates the risk of an acute cerebral episode
[5,6,8,24]. Carotid atheromatous plaques’ instability as
a predictor and risk factor of ischaemic stroke appears

to be very important from the point of view of stroke
prophylaxis [8,15]. Hence there have been many
attempts at establishing ultrasound criteria of carotid
plaque instability. So far the suggested criteria and
results obtained have not been clear-cut. Hypoe-
chogenicity of atheromatous plaques in carotid arter-
ies seems to be a parameter which could indicate their
potential instability, referring to the lipid-necrotic
component or intra-plaque haemorrhages [7,9,18]. How-
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ever, research with the use of more advanced ultra-
sound analyses prove that broadly available ultrasound
techniques, used every day, do not give a full possi-
bility to assess this parameter [8]. Approximately 
37 to 58% of ultrasonographically assessed carotid pla -
ques seem to be higher risk lesions [1,4,25]. It should
also be stressed that the above-mentioned features
are not the only or sufficient ones to distinguish unsta-
ble or potentially unstable atheromatous lesions [2]. 

A more accurate answer considering carotid plaque
stability/instability can be obtained based on gross
examination of the lesion. It can be carried out only
in patients who undergo endarterectomy [12,26]. 

The aim of this paper was to estimate the frequency
of higher risk plaques, when we take into considera-
tion patients with advanced carotid disease, thinking
about appropriate treatment of this patient group.

Material and methods 

Ninety-one atheromatous plaques collected from
91 patients who underwent endarterectomy of carotid
arteries were put through a morphological analysis. 
The examination was carried out in 27 women (29.67%)
and in 64 men (70.33%), aged 44 to 85 years (average
age 67.7 years), with arterial hypertension and/or dia-
be tes type 2, and/or ischaemic heart disease and/or
dyslipidaemia, and/or peripheral artery disease. Ex -
clusion criteria included pathologies with underlying
inflammatory or immune mechanisms (acute and
chronic infections, liver cirrhosis, systemic connective
tissue disease, multiple sclerosis, autoimmune neu-
ropathies, Crohn’s disease, ulcerative colitis, Hashimo-
to’s thyroiditis, Graves’ disease, neoplasms).

Every plaque was submitted to a morphological
assessment, comprising macroscopic and microsco pic
examination. Conformity of the macroscopic and mi -
cro scopic plaque evaluation was compared taking into
consideration indications of its instability. 

Macroscopic evaluation 

Intraoperatively the plaque surface (smooth, ulcer-
ated, with a parietal thrombus) and colour (white, yel-
low, coloured by a thrombus) were evaluated. A plaque
with a parietal thrombus and/or ruptures of the inte-
rior membrane and/or its exfoliation, unconnected with
the perioperative injury, was considered unstable.
A plaque which showed ulceration on the surface and/
or was coloured by a thrombus, was yellow with soft
structure (a large lipid core), without a parietal throm-

bus or ruptures of the intima, was described as
potentially unstable. A white plaque with a smooth sur-
face, without the features mentioned before, was con-
sidered stable.

Microscopic evaluation 

Plaques collected intraoperatively were fixed in an
8% solution of formalin and then three parts were 
taken from each of them, including from the most
pathologically significant place. The material was
embedded in paraffin and, having been cut into 3 μm
thick slices, they were stained with haematoxylin and
eosin as well as with the use of PAS and van Gieson’s
methods. The evaluation included inflammatory infil-
trations, plaque vascularization, presence of intra-plaque
haemorrhages and a parietal thrombus, assessment
of elements of connective tissue, foam cells, and pre -
sence of cholesterol crystals. A plaque with a parietal
thrombus, fibrous cap ruptures and also containing
a large lipid core and/or intra-plaque haemorrhages
and/or thrombi embedded in the structure of the
plaque, massive/disseminated inflammatory infiltra-
tions, rich vascularization, many foam cells and a mi -
xed structure of fibres was considered microscopical-
ly unstable. A plaque was considered potentially
unstable if it lacked parietal thrombi and ruptures of
the fibrous cap, and showed coexistence of at least four
of the following features: cholesterol crystals, mas-
sive/disseminated inflammatory infiltrations, rich vas-
 cularization, many foam cells, mixed structure of
fibres. A plaque lacking the above-mentioned features,
without clearly disturbed integrity of the fibrous ele-
ments, was described as stable. The assessment was
made on the basis of the criteria established by the
American Heart Association and the analysis of the data
available from the literature, especially those which refer
to carotid arteries [2,8,13,19,22].

Both analyses (macroscopic and microscopic) were
blind in reference to each other and to clinical data. 

Statistical analysis 

In the analysis of measurable variables the following
ones were presented: median (Me), minimum value
(Min), maximum value (Max), standard deviation
(SD). The measurable variables showed distributions
significantly departing from a normal distribution
(Shapiro-Wilk test, p < 0.05), which is why non-para-
metric tests were used. To show the significance of dif-
ferences among more than two groups, Kruskal-Wal-
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lis ANOVA was used, and to compare two groups of
patients the Mann-Whitney U test was used. Nomi-
nal variables were compared using the chi-square test
or its modifications with Yates’ correction or the pre-
cise two-sided Fisher’s test (for 2 × 2 tables). For a one-
factor and then multi-factor analysis of an odds ratio
(OR) with 95% confidence interval (95% CI), logistic
regression was applied. As a statistical significance
threshold p < 0.05 was assumed. Statistical calcula-
tions were performed using the program Statistica 7.1. 

The research was conducted on the basis of the con-
sent of the Local Bioethical Commission (resolution no.
BN-001/36/06). All subjects gave informed consent. 

Results

In 51 cases plaques were collected from patients
after an ischaemic stroke or transient ischaemic
attack (TIA), corresponding to assessed lesions (symp-
tomatic plaques). In the remaining 38 cases an endar -
terectomy procedure was performed in patients with-
out a previous stroke episode (asymptomatic plaques).
Demographic data concerning the patients are shown
in Table I.

Macroscopic assessment 
of atheromatous plaques

Among 89 assessed plaques, both symptomatic and
asymptomatic (in 2 patients description of macroscopic
lesions was not obtained) 13 (14.6%) were considered
unstable, and another 12 (13.5%) fulfilled the criteria
of potentially unstable plaques (p = 0.881). A majori-
ty (71.9%) of lesions assessed perioperatively corre-
sponded to plaques of a stable character (stable vs.
unstable and stable vs potentially unstable p < 0.0001).
The distribution of particular types of plaques in a ma -
croscopic evaluation taking into consideration the divi-
sion into symptomatic and asymptomatic plaques was
similar. In patients with a stroke, unstable plaques con-
stituted 15.7%, potentially unstable plaques 11.8%, and
stable plaques 72.5%. Among asymptomatic patients
this percentage was 13.3%, 15.6% and 71.1% respec-
tively (p = 0.8931).

Microscopic assessment 
of atheromatous plaques

In a microscopic assessment made for all the pla -
ques altogether, 52 plaques (58.4%) were consider -
ed unstable; 18 (20.2%) fulfilled the criteria for poten-
tially unstable ones. The remaining 19 plaques (21.4%)

were classified as plaques of stable structure 
(Figs. 1A-C, 2). Unstable plaques constituted a signi -
ficant majority (unstable vs potentially unstable and
unstable vs. stable, p = 0.0006 and p = 0.0008 respec-
tively). 

No significant difference between the group of
symptomatic and asymptomatic plaques for the
above-described features was found. In patients with
a stroke, unstable plaques constituted 54.9%, poten-
tially unstable 21.6%, and stable 23.5%. Among asymp-

Symptomatic character of lesions1 Yes No

Number of patients (n)2 52 39

Age (years)3 67.9 67.7

Sex (n /%)4:

Women 15 (28.85) 12 (30.77)

Men 37 (71.15) 27 (69.23)

Coexisting diseases (%)5:

Arterial hypertension 90.2* 68.4

Diabetes type 2 29.4 26.3

Ischaemic heart disease 21.6 60.3*

PAD 23.5 28.9

Dyslipidaemia 28.9 13.2

Smoking (%)6 70 65

Medications (%)7:

Antiaggregants 75 64.1

Statins 65.4 51.3

ACE inhibitors 53.8 51.3

Degree of stenosis (median)8 80% 80%

Table I. Demographic data of patients qualified
for examinations, including symptomatic and
asymptomatic plaques 

1Symptomatic character of lesions: yes – plaques collected from patients
after an ischaemic stroke or transient ischaemic attack (TIA); no – plaques
collected from patients without a previous stroke episode. 2Number of
patients (n) – number of patients assigned to particular groups (with symp-
tomatic and asymptomatic plaques). 3Age (years) – age, in years, of patients
assigned to particular groups (with symptomatic and asymptomatic
plaques. 4Sex (n/%) – sex of patients assigned to particular study groups
(number/percentage). 5Coexisting diseases (%) – percentage of patients
with particular comorbidities in group with symptomatic and asymptomatic
plaques. 6PAD – peripheral artery disease. 7ACE inhibitors – angiotensin-con-
verting enzyme inhibitors. 8Degree of stenosis (median) – median stenosis of
operated carotid arteries, revealed by preoperative ultrasonography 
* Significantly more frequently (p < 0.05)
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tomatic patients the percentages were 63.2%, 18.4%
and 18.4% respectively (p = 0.7186).

Although individually none of the microscopical-
ly analysed plaque parameters determined a symp-
tomatic character of lesions (Table II), rich plaque vas-
cularization (vasc) and intensive inflammatory
infiltrations (inf) were revealed as features character-
izing potentially unstable and unstable lesions (stable
vs. potentially unstable, stable vs unstable, potential-
ly unstable vs unstable: pvasc = 0.02 and pinf = 0.0003; 
pvasc = 0.001 and pinf < 0.0000; pvasc = 0.8972 and 
pinf = 0.1982 respectively).

Both these parameters significantly influenced the
occurrence of parietal coagulation (plaques with pa -
rietal thrombus vs plaques without thrombus: pvasc =
0.0333, pinf = 0.0000).

As it appears from the above, there were significant
differences in assessment of the plaque type in a ma -

Fig. 1. Unstable plaque. A) Visible parietal throm-
bus. Mass of thrombus (A); Magn. 10×. B) Visi-
ble intra-plaque thrombus. Thrombus embed-
ded in the structure of the plaque (A); Magn.
10×. C) Unstable plaque – visible massive in -
flammatory infiltrations. Vessels surrounded by
inflammatory infiltrations (A); Magn. 10×.

Fig. 2. Stable plaque with preserved integrity of
the fibrous elements and small calcifications;
Magn. 10×. 

A B

C
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croscopic and a microscopic examination (the number
of consistent assessments vs the number of inconsis-
tent assessments, 26 vs. 63 respectively, p < 0.0001). 
The divergence especially concerned classification to
the group of unstable plaques, and to a lesser degree
potentially unstable plaques. Over three quarters of
lesions, considered stable in a macroscopic examina-
tion, fulfilled microscopic criteria of instability or po -
tential instability (the number of confirmed stable
lesions vs the number of unconfirmed ones, 13 vs. 51
respectively, p < 0.0001). Conformity of macroscopic
and microscopic assessments of atheromatous plaques
of carotid arteries is presented in Table III. 

Discussion

Due to the fact that endarterectomy was performed
in patients after a stroke as well as in individuals with-
out previous cerebral vascular episodes, the above
analysis considers both primary and secondary stroke
prophylaxis [10,11,27]. From a clinical point of view, 
the unstable or potentially unstable character of pla -
ques is particularly important [6,18,24]. Criteria of insta-
bility of plaques comprise a number of lesions that are
visible only under microscopic examination. They are:
an active inflammatory process within atheromatous
lesions, rich vascularization of plaques, intra-plaque
haemorrhages, a large lipid-necrotic core, an injury of
the fibrous cap, and parietal coagulation [2,22]. 

Our microscopic examination revealed the intensive
inflammatory component within the analysed lesions.
It is accepted as a main factor for plaque instability. Con-
sidering data from the literature concerning patho-
genesis of atherosclerosis it also seemed justified to
include occurrence of cholesterol crystals in the crite-
ria of instability, and to evaluate the character of fibres
[21,22]. On the basis of the assumed microscopic cri-
teria, the percentage of unstable and potentially
unstable lesions in our material increased considerably,

from about 30% in a macroscopic evaluation to 80%
in a microscopic one. It should be noted that none 
of the microscopic parameters of plaque instability 
taken into consideration separately determined the
occurrence of a stroke episode, and so did not deter-
mine the symptomatic character of stenosis caused by
the plaque [3,24]. Hence, a single microscopic para meter
of lesion instability cannot be considered as a predic-
tor of potential stroke. It seems that coexistence of many
microscopic criteria leads to instability. Our results con-
firm the significant role of plaque vascularization and
inflammatory infiltrations [2,17,18,23]. Both these pa -
rameters influenced the occurrence of parietal throm-
bosis, an unquestionable sign of plaque instability. 

Discussing the atherosclerotic process, systemic fac-
tors should also be taken into consideration. They may
influence changes in the arterial wall, leading to desta-
bilization of developing lesions [16]. Patients with dis-
orders where inflammatory and immune factors play

Microscopic parameter Odds ratio (OR) p

Crystals1 1.5299 0.3913

Fibres2 1.8298 0.1811

Foam cells3 1.9427 0.1779

Inflammatory infiltrations4 0.6240 0.2745

Vessels5 0.8771 0.7347

Intraplaque haemorrhages6 0.5586 0.3472

Thrombus7 0.8318 0.7278

Table II. Parameters of microscopic assessment
of atheromatous plaques (logistic regression)

1Crystals – cholesterol crystals within plaques. 2Fibres – plaque fibres. 3Foam
cells – foam cells within plaques. 4Inflammatory infiltrations – inflammatory
component of assessed carotid plaques  (infiltration by inflammatory cells).
5Vessels – vascularization of assessed carotid plaques. 6Intraplaque haemor-
rhages – haemorrhages within assessed carotid plaques. 7Thrombus – parie -
tal thrombus

Microscopically stable Microscopically potentially unstable Microscopically unstable

Macroscopically stable 13 14 37

Macroscopically potentially unstable 4 3 5

Macroscopically unstable 2 1 10

Table III. Conformity of macroscopic and microscopic assessments of atheromatous carotid plaques 

Microscopically stable – plaques classified as stable in microscopic assessment. Microscopically potentially unstable – plaques classified as potentially unstable
in microscopic assessment. Microscopically unstable – plaques classified as unstable in microscopic assessment. Macroscopically stable – plaques classified as
stable in macroscopic assessment. Macroscopically potentially unstable – plaques classified as potentially unstable in macroscopic assessment. Macroscopi-
cally unstable – plaques classified as unstable in macroscopic assessment
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a role were excluded from the study. Hence it can be
stated that plaque destabilization in our patients did
not result from involvement of such extravascular
inflammatory-immune factors. Nevertheless, our histo -
pathological study, taking into account the numerous
criteria of instability, revealed a significantly larger per-
centage of potentially unstable or unstable carotid
atheromatous plaques than might be expected based
on ultrasound analyses [1,4,25] or even gross exami-
nation after endarterectomy. It additionally justifies 
the use of statins as pleiotropic drugs in stroke pro-
phylaxis. It also constitutes a significant reason for
intensification of anti-inflammatory components
[14,20,28].

Importantly, the distribution of plaque types in the
groups of symptomatic and asymptomatic plaques was
similar. It is possible that if endarterectomy had not
been performed, the appearance of neurological com-
plications in the patients would have only been a ma -
tter of time. 

Summing up, each patient with advanced carotid
disease (including those not qualified for endarterec-
tomy) should be treated as a patient with potential-
ly higher risk plaques.

It should also be underlined that pathogenesis of
stroke connected with the potentially unstable plaques
and especially unstable ones seems to be more com-
plex. 

While in the case of stable plaques antiaggregation
treatment can be sufficient, in the remaining two cas-
es one should consider using drugs with properties for
stabilizing a plaque, including those with an anti-inflam-
matory action. 

Conclusions

Due to the fact that the majority of carotid athero-
matous plaques appear to be unstable or potentially
unstable because of the inflammation and related
mechanisms, apart from antiaggregants and antico-
agulants, inhibitors or agents limiting the role of the
inflammatory-immunological component of athero-
sclerosis should be used in prophylaxis of stroke, and
new therapeutic concepts should be developed. 
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