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Abbreviations

AHA – American Heart Association
IСА – internal carotid artery
DBC – differential blood count
ЕСА – external carotid artery
IS – ischemic stroke
CАМ – cell adhesion molecules
CЕ – carotid endarterectomy
CS – carotid stenting
CT – computer tomography
CTA – computed tomographic angiography
CVD – cerebrovascular disease
CCA – common carotid artery
FBC – full blood count
CCDS – color coded duplex sonography
МR – Magnetic resonance
SI – systolic index
CEUS – Contrast enhanced ultrasound
FDPs – fibrinogen degradation products
HDL – high density lipoprotein
hs-CRP – high-sensitive C-reactive protein
ICAM-1 – Intercellular Adhesion Molecule 1
IМТ – intima media thickness
LDL – low density lipoprotein
NIHSS – National Institutes of Health Stroke Scale
OCT – Optical coherence tomography
ТIА – Transient ischemic attacks
ТNF – tumor necrosis factor
TOAST–Trial of Org 10,172 in Acute Stroke Treatmen
VCAM-1 – Vascular cell adhesion molecule 1
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Introduction
Atherosclerosis is a systemic and chronic disease that affects mainly medium
and large-sized arteries and leads to irreversible cerebral and cardiovascular
complications (stroke, myocardial infarction, cardiac arrest). Carotid atherosclerosis is a focal manifestation of this disease with involvement of the common
and internal carotid arteries. It occurs in those places where laminar blood flow
is impaired and where turbulent blood flow and increased vascular stress form
predisposed to atherosclerosis sites. Typically, such sites are the distal part and
the bifurcation of the common carotid artery and the proximal parts of the internal and external carotid arteries.
Carotid atherosclerosis is one of the major risk factors for ipsilateral ischemic stroke. The examination of the carotid arteries is a priority in all consensus and guides on primary and secondary prevention of cerebro-vascular disease. Atherosclerosis is a complex and immune-mediated process involving various active cells and markers. Many studies are focused on finding suitable biomarkers that will characterize the mechanisms of atherogenesis and indicate
the presence of unstable atherosclerotic plaques associated with an increased
risk of a cerebrovascular accident. Hs-CRP, ICAM-1, VCAM-1, and fibrinogen
are related to impaired endothelial function and could characterize the unstable
atherosclerotic plaques of the internal carotid artery.
Not only vascular stenosis but also the morphology of the atherosclerotic
plaque is important as a risk factor for cerebrovascular accidents. Unstable and
risky stroke plaques are characterized by a large necrotic lipid nucleus, a thin
fibrous capsule, an ulcerated surface, signs of local inflammation, and intraplaque hemorrhages. Ultrasound diagnostic is a basic, readily available and noninvasive method for imaging the morphological characteristics of carotid
plaque. The images of carotid atherosclerotic plaque obtained by highresolution magnetic resonance have successfully characterized the morphological components of unstable plaques. The obtained results are comparable to the
histological data after CE. The methods also allow the creation of an individual
model of the atherosclerotic plaque in the vascular wall, resulting in a patientspecific analysis of local hemodynamic parameters at the site of stenosis.
The simultaneous use of imaging modalities and different serum biomarkers that characterized the carotid atherosclerosis is a step towards a personalized and stratified approach in medicine. A comprehensive analysis of the
5

literature review and the reached conclusions, prove the need for prospective
studies about the importance of serum markers hs-CRP, ICAM-1, VCAM-1 and
fibrinogen in atherosclerosis processes and their relationship with carotid atherosclerosis and stroke. Comparison of laboratory and imaging diagnostic methods will contribute to a more accurate characterization of the morphological aspects of carotid plaques. Studying the risk factors among the Bulgarian population would allow determination of specific population trends and the need to
modify them.
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Purpose and tasks
The purpose of our study is to investigate the importance of serum biomarkers (Hs-CRP, ICAM-1, VCAM-1, fibrinogen) associated with vascular
dysfunction and atherosclerosis processes and to determine their relationship
with carotid atherosclerosis and ischemic cerebral stroke.
To achieve these goals, we have developed the following tasks:
1. To seek dependencies between serum levels of hs-CRP, ICAM-1,
VCAM-1 and fibrinogen and patients with carotid atherosclerosis.
2. To apply valid imaging classifications (ultrasound and MR) characterizing the morphological components of the carotid plaque.
3. To compare the laboratory results of the cited bio-markers and the data from imaging (ultrasound and MR) studies, in order to study the
characteristics of atheromatous plaques of the internal carotid artery,
representing risk of cerebral-vascular accidents.
4. To seek dependencies between serum levels of hs-CRP, ICAM-1,
VCAM-1, and fibrinogen and ischemic stroke patients.
5. To look for dependencies in terms of etiologic mechanisms, neurological deficit, ischemic lesions, temporal dynamics and short-term evolution in stroke patients.
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Contingent surveyed, study design,
materials and methods
Contingent surveyed
The conducted study is cross-sectional, with a study of experimental and control
groups. The implementation is from November 2017 till May 2018 at the Clinic
of Neurology, St. George Hospital, Plovdiv, Bulgaria. The Scientific Ethics
Committee of the Medical University - Plovdiv has previously approved and
confirmed that the study meets the standards and criteria for science and ethics
(ex.№2/31.03.2016). A total of 153 patients were examined (initial count of 220
patients and 67 dropped out), examined outpatient and inpatient. Patients underwent a consistent procedure through the ultrasound office and voluntarily
confirmed their participation in the study. Selection is based on the following
inclusion and exclusion criteria:
Inclusion Criteria
1. Men / women aged 35-88 years with proven vascular risk factors (hypertension, diabetes mellitus, dyslipidemia, obesity, smoking, cardiovascular diseases, cerebrovascular diseases, etc.).
2. Voluntary and confirmed by informed consent, participation in the
study.
3. With / without carotid atherosclerosis confirmed by CCDS.
Exclusion Criteria
1.
2.
3.
4.
5.
6.

Other carotid pathology.
Infections.
Systemic diseases.
Oncological diseases.
Immunological diseases.
Kidney, liver and heart failure.
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Study design
Patients are divided into two main groups - patients with acute ischemic
stroke and patients with vascular risk factors, but no history of stroke. Information on risk factors and comorbidity in all patients is collected on the basis of
clinical records, medical history, physical examination, laboratory tests, ECG
and duplex sonography. Blood samples for complete blood analysis with differential blood count, high sensitivity C-reactive protein (hs-CRP), sICAM-1,
sVCAM-1 and fibrinogen are taken from all patients. In the group of patients
with acute ischemic stroke, the time from the incident onset to the blood sampling is also noted. Extracranial color-coded duplex sonography of CCA, ICA
and ECA is performed in all patients to detect carotid atherosclerosis. The ultrasound analysis includes the detection of atherosclerotic plaques in the internal
and common carotid arteries, the determination of their characteristics by ultrasound classification of Gray-Weales / Gerolacus and the measurement of arterial stenosis in percent using the local method. The National Institutes of Health
Stroke (NIHSS) scale is used to assess neurological deficits of the patients in
the stroke group, at admission and immediately before dehospitalization. Comparative analysis of both scale scores is used to determine the dynamics of neurological deficit and short-term clinical evolution. Cerebral computer tomography is performed on all stroke patients at hospital admission within the first 24
hours from the incident occurrence. An analysis of early ischemic changes in
the corresponding vascular pool was performed based on cerebral CT data
(dense MCA or BA sign; insular ribbon sign; deletion of boundary between
gray and white matter; signs of local cerebral edema; low-density changes in the
brain matter).
All stroke cases were thoroughly examined and subdivided based on the
etiological TOAST classification.
A small subset of 30 patients with ultrasound proven high grade stenoses
or occlusions of the carotid arteries performed 3T magnetic resonance imaging
according to a specifically developed protocol. Carotid atherosclerotic plaques
are classified based on the AHA’s Modified MR classification for carotid atherosclerosis.
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Patients - 153
74 without and 79 with
ischemic stroke

Inclusion

Exclusion

criteria
-

criteria

Age 35 – 88y.
Male / female
With/without carotid
atherosclerosis
proved by CCDS

-

-

Medical history
Risk factors
Somatic state
Neurological
examination

Other carotid pathology
Infections
Immunological diseases
System diseases
Hepatic, renal and cardiac
failure

Color coded duplex
sonography /CCDS/

33 patients without carotid
atherosclerosis

120 patients with carotid
atherosclerosis

FBC, DBC, fibrinogen, ICAM-1, VCAM-1, hS – CRP
Strokes

NIHSS, cerebral CT

GRAPHIC DESIGN: Imaging and laboratory aspects of carotid
atherosclerosis and their role in ischemic stroke

Figure 1 . Graphic design of the project.
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3T MR

Materials and methods
Clinical methods
The information about the patients’ condition, risk factors and comorbidity is collected through medical history, physical and neurological examination.
The neurological deficits is evaluated with NIHSS scale.
Instrumental methods
Laboratory methods
Laboratory complete blood analysis with differential blood count is performed using an automated hematology analyzer Sysmex 2120i, Siemens Diagnostics.
Measurement of serum fibrinogen is performed coagulometrically by an
automated Sysmex Cs 2000 analyzer. The fibrinogen unit of measurement is g /
l with a reference range of 2-4 g / l.
The high-sensitivity C-reactive protein is determined immunoturbimetrically using an OLIMPUS AU400 automated clinical-chemical analyzer, Beckman Coulter USA.
Measurement of hs-CRP is in mg / L. According to the Beckman Coulter
system guide and current literature, vascular risk is defined as low at values <1
mg / L, average 1.0 to 3.0 mg / L. and high> 3.0 mg / L. Serum concentrations
of sVCAM-1 and sICAM-1 are measured by ELISA analysis using commercially available CE branded kits (Bender MedSystems, GmbH). There are no clear
references for sVCAM-1 and sICAM-1 in the literature.
Imaging methods
Color-coded duplex sonography of extracranial sections of CCA, ICA
and ECA is performed with Philips ClearVue 550 Ultrasonic system.
Patients with high-grade stenosis and occlusion of the carotid arteries are
directed for MR examination. A multidisciplinary team (radiologists, neurologists, medical physicist, X-ray technician and consultants) developed a specific
MR protocol for the evaluation of carotid atherosclerosis. The magnetic resonance imaging is performed on 3-Tesla - General Electric Discovery Machine.
The carotid arteries are scanned 2 cm above and below the CCA bifurcation, with a coil head and neck. The study covers the extracranial sections of the
CCA, ICA and ECA. The protocol includes the following sequences: Ax T2
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Flair, Art Ax 3D TOF, HR Art Ax 3D TOF, T1 FSE Black Blood, T1fs FSE
Black Blood, T2 FSE, Art Ax 3D TOF, Ph1 / +c COR TOF Angio, Ph2 / +c
TOF Angio, Contrast Angio.
Assessment of plaque type is performed on the basis of the AHA’s Modified MR classification for carotid atherosclerosis.
Statistical methods
The choice of statistical methods is guided by the tasks of this research,
the measurement scales of the data and the distribution of values. All measurements are checked for symmetry and normality of dispersions using the Kolmogorov-Smirnov and Shapiro-Wilk test, box plots, and skewness values.
The demographic data include age and gender distribution. Age is presented as mean and standard deviation and compared by Student's t-test for two
independent samples between groups of patients with and without stroke. The
gender distribution is presented in number and percentage and compared between groups by the Chi-square test.
Clinical data include binary and continuous variables, which are processed as follows: 1) Binary variables measured as presence and absence of a
particular condition (including hypertension, atrial fibrillation, cardiovascular
disease, and diabetes) are presented in number and percentage and compared
between groups using the Fisher test. 2) Continuous values (leukocytes, hematocrit, and platelets) are presented as mean value and standard deviation and
compared by Student's t-test for two independent samples.
The test values (incl. hs-CRP, ICAM-1, VCAM-1 and fibrinogen) according to the Kolmogorov-Smirnov and Shapiro-Wilk test does not meet the normal distribution requirement (p> 0.05 at all values), with high skewness beyond
the admissible range between -1 and + 1. Therefore, the descriptive statistics
includes the median and range values, along with the mean value and standard
deviation. Due to asymmetry in the distribution, the following non parametric
statistical methods are used:
➢ Kruskal-Wallis test for comparison of more than two groups
➢ Mann-Whitney U test for pair comparison
➢ Cross-table and Chi-square test to establish an association between two values when at least one of them is represented as a nominal or ordinal value
with more than two categories
➢ Cross table and Fisher's exact test for establishing an association between
two binary values
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➢ Spearman's rank-order correlation for examining the relationship between
two values measured on an ordinal, binary or continuous scale when the
asymmetry in the distribution is found in the latter
➢ ROC curve, sensitivity and specificity for establishing the diagnostic precision of certain serum biomarkers
➢ Odds ratio for determining the risk of ischemic stroke and early ischemic
lesions visible on CT lesions
➢ Binary logistic regression to determine predictors of ischemic stroke
In the presence of normal distribution, the following parametric tests are
used:
➢ Pearson correlation analysis for the study of the relationship between two
values measured on a continuous scale with normal distribution
➢ A single linear regression analysis for those values at which we established a
significant linear association. Through the regression analysis we specify the
predictive role of the studied values on the basis of the following statistics:
coefficient of determination (R-square), adjusted coefficient of determination
(R-square adj.), B-coefficient, constant and prognostic equation.
The correlation coefficients are interpreted against the Cohen’s reference
values as follows:
➢ very high / high correlation: ± (0.70 - 1)
➢ large / high correlation: ± (0.50 - 0.69)
➢ mean / moderate correlation: ± (0.30 - 0.49)
➢ weak / low correlation: ± (0.10 - 0.29)
Positive values indicate a positive linear correlation in which the values
of two correlated quantities change in the same direction. Negative values denote a negative linear correlation, when the values of two quantities change in
the opposite direction - one increases, the other decreases.
Interpretation of the area under the trend is consistent with the following
reference ranges: 0.90-1 = high association; 0.80-0.90 = moderate association;
0.70-0.80 = acceptable association; 0.60-0.70 = weak association; 0.50-0.60 =
no association.
Odds ratios are interpreted as follows: OR > 1 values indicate an increased probability of having a particular disease or risk of disease, the higher
the value of OR, the greater the probability/risk of the particular disease. OR < 1
values are associated with low risk or chance of having the disease.
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The results are interpreted as statistically significant at p <0.05 in all
analysis, tagging the results with higher statistical significance, p ≤ 0.01. The
data analysis is performed with the following statistical software programs:
IBM SPSS, version 25.0; Minitab version 18.1 and MedCalc version 18.11.3.
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Results
1. Demographic and clinical data for the study group of patients.
Table 1 shows that the study group is divided into two main subgroups:
1) 79 patients with acute ischemic stroke, accounting for 51.60% of all participants, and 2) 74 patients without ischemic stroke (48.40%). The mean age in the
two groups does not differ significantly (p = 0.386): stroke patients 65.81 ±
11.38; non stroke patients 64.31 ± 9.83.
Table 1. Demographic and clinical data of the studied patients.

Values
̅ ± SD)
Age (𝑿
(Range)
Gender
Male
(N;%)
Female
Carotid plaques
(N;%)
Hypertension (N;%)
Atrial fibrilation
(N;%)
Cardiovascular disease (N;%)
Diabetes (N;%)

GROUP
Without ischemic
stroke
(N= 74)p
64.31±9.83
0.386a
(38-85)
36(48.6%)
0.235b
38(51.4%)
56(75.7%)
0.439c

Total
(N = 153)
65.08±10.65
(38-88)
82(53.6%)
71(46.4%)
120 (78.4%)

With ischemic
stroke
(N = 79)
65.81±11.38
(39-88)
46(58%)
33(42%)
64(81%)

129(84.3%)

70(88.6%)

59(79.7%)

26(17%)

24(30.4%)

2(2.7%)

0.000**c

70(45.8%)

43(54.4%)

27(36.5%

0.035*c

49(32%)

20(25.3%)

29(39.2%)

0.083c

0.182c

Leukocytes
8.08±2.83
8.87±3.31
7.24±1.89
0.000**
a
̅
(𝑿± SD)
Hematocrit
0.414±0.055
0.42±0.06
0.41±0.05
0.317 a
̅ ± SD)
(𝑿
Platelets
236.53±75.81
240.74±55.28
232.70±91.12
0.479a
̅ ± SD)
(𝑿
̅
𝑋 - arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value;
a- Student's t-test for independent samples; b- Chi-square test;c- Fisher test; ** Statistically significant difference at p ≤ 0.01; * Statistically significant difference at p < 0.05

The gender distribution in the two subgroups is similar, with no significant difference, p = 0.235 (Figure 2).
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Figure 2. Gender distribution of patients in the studied group and both subgroups.

Carotid plaques are detected in 120 patients (78.4%) and not detected in
the remaining 33 (21.6%). In the ischemic stroke group, 64 (81%) patients have
carotid plaques, and in the non-stroke group carotid plaques are found in 56
(75.7%) patients. There was no significant difference between the two subgroups in the percentage of patients with carotid plaques (p = 0.439). The results are illustrated in Figure 3.

Figure 3. Presence of carotid plaques in the study group and the two subgroups.
.

Hypertension is diagnosed in 129 of the patients (84.3%) and is not detected in the other 24 (15.7%). In the stroke group, 70 (88.6%) of the patients
have hypertension and in the non-stroke group 59 (79.7%) have hypertension.
The difference in the percentage of hypertension was not significant, p = 0.182.
The results are illustrated in Figure 4.
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Figure 4. Presence of hypertension in the study group and the two subgroups.

26 (17%) of the patients from the whole group are diagnosed with atrial
fibrillation; in the remaining 127 patients (83%) atrial fibrillation is not found.
In the subgroups, the distribution is as follows: 24 (30.4%) of patients with ischemic stroke are diagnosed with atrial fibrillation, while in the non-stroke
group, 2 (2.7%) of patients have atrial fibrillation. According to the Fisher test,
in the stroke group, the percentage of patients with atrial fibrillation is significantly higher than that in patients without stroke, p <0.001. The results are illustrated in Figure 5.

Figure 5. Presence of atrial fibrillation in the study group and the two subgroups.

Cardiovascular diseases (ischemic heart disease, ischemic cardiomyopathy, heart failure, various types of valve defects, etc.) are found in 70 (45.80%)
patients in the whole group. Of the patients with ischemic stroke, 43 (54.40%)
have heart disease, whereas in those without stroke 27 (36.5%) are diagnosed
with heart disease. The higher percentage in the ischemic stroke group is statistically significant, p = 0.035 (Figure 6).
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Figure 6. Presence of cardiovascular disease in the study group and the two subgroups.

Across the group, 49 (32%) patients are diagnosed with diabetes. In the
ischemic stroke group, 20 (25.30%) have diabetes, and in the non-stroke group
29 (39.20%) are diagnosed with diabetes. The rate of diabetes is slightly higher
in patients without stroke, but the difference is not significant, p = 0.083 (Figure
7).

Figure 7. Presence of diabetes in the study group and the two subgroups.

Figure 8 illustrates the mean leukocytes, hematocrit and platelets counts
in patients with and without stroke. A significantly higher level of leukocytes is
found in stroke patients (8.87) compared to those without stroke (7.24), p
<0.001. Regarding hematocrit, the two groups show very similar mean values,
respectively, 0.42 in stroke patients and 0.41 in non-stroke patients, p = 0.317.
Platelets levels also showed no significant difference between the groups, although a slightly higher level (240.74) is reported in stroke patients compared to
patients without stroke (232.70), p = 0.479.
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Figure 8. Mean leukocytes, hematocrit, and platelets counts in patients with and without
ischemic stroke.

2. Investigation of the relation between hs-CRP and carotid atherosclerosis.
The relation between hs-CRP and carotid atherosclerosis is analyzed in
several different aspects.
Comparison of patients with and without carotid atherosclerosis regarding the
level of hs-CRP
The analysis of the hs-CRP level between patients with and without carotid atherosclerosis is made using the Mann-Whitney U test. Fisher test is used for
the comparison of the patients with a risk level of hs-CRP (hs-CRP> 3mg / l).
Table 2 shows that the mean hs-CRP level is significantly higher in patients
with carotid atherosclerosis (16.66mg/l ± 40.88; median 3.93) compared to patients without carotid atherosclerosis (5.22mg/l ± 9.95; median 1.57), p <0.001.
The rate of patients with risk levels of hs-CRP is also significantly higher (60%)
in the carotid atherosclerosis group than in the group without carotid atherosclerosis (36.40%), p = 0.018.
Table 2. Comparison of patients with and without carotid atherosclerosis regarding the level
of hs-CRP.
hs-CRP mg/l

With carotid
Without carotid
p
atherosclerosis
atherosclerosis
N=120
N= 33
̅
16.66±40.88
5.22±9.95
𝑋±SD
0.005**a
Median (Range)
3.93 (0.21 – 314.78)
1.57 (0.11-52.84)
Count (%) > 3mg/l
72(60%)
12(36.40%)
0.018*b
𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value;
a- Mann-Whitney U; b- Fisher test; ** Statistically significant difference at p ≤ 0.01; * Statistically significant difference at p < 0.05

19

Analysis of hs-CRP levels by the type of atherosclerotic plaque according to
the Gray-Weale/Gerolacus classification
In order to investigate the relation between atherosclerotic plaque type
according to the Gray-Weale/Gerolacus ultrasound classification, we perform
two types of comparative analysis. We first analyze the mean level of hs-CRP in
patients with varying degrees of plaque using the Kruskal-Wallis test. We then
monitor the association between the percentage of patients with risk levels of
hs-CRP> 3mg/l and the degree of atherosclerotic plaque by cross tabulation and
the Chi-square test.
The results of the first analysis are summarized in Table 3.
Table 3. Mean level of hs-CRP versus Gray-Weale/Gerolacus atherosclerotic plaque
classification.
Count
(N)
120

𝑋̅±SD

Median
(Range)

Anechogenic with
echogenic fibrous
capsule

5

2.12±1.36

2.15
(0.79-4.29)

Mostly anechogenic
with less than 25%
echogenic areas

19

19.08±46.43

4.60
(0.22-203.46)

Mostly hyperechogenic with less than 25%
anechogenic areas

48

19.50±53.19

3.92
(0.28-314.78)

Echogenic plaques

32

15.38±22.69

6.66
(0.25-111.89)

Unclassified plaques

16

12.36±24.82

2.05
(0.21-75.13)

Ultrasound classification of
atherosclerotic plaque
(Gray-Weale/Gerolacus)
Type
I

Type
II

Type
III

Type
IV

Type
V

KruskalWallis
H

p

7.689

0.104

𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value

The descriptive analysis, presented above, outlines large variations in hsCRP values, and therefore no specific trend can be identified.
The results of the following analysis are summarized in

Table 4.
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Table 4. Percentage of patients with risk levels of hs-CRP> 3mg/l versus GrayWeale/Gerolacus atherosclerotic plaque classification
Ultrasound classification of
atherosclerotic plaque
(Gray-Weale/Gerolacus)

Count
(N)
120

Count (%)
patients with hsCRP>3mg/l

Type
I

Anechogenic with
echogenic fibrous
capsule

5

1
(20%)

Type
II

Mostly anechogenic
with less than 25%
echogenic areas

19

12
(63%)

Type
III

Mostly hyperechogenic
with less than 25% anechogenic areas

48

28
(58%)

Type
IV

Echogenic plaques

32

24
(75%)

Type
V

Unclassified plaques

16

7
(44%)

χ2

p

8.22

0.084

Similar to the previous comparison about the mean hs-CRP, the statistical
results do not allow us to assume that there is a systemic relationship between
hs-CRP and the type of atherosclerotic plaque.
Analysis of hs-CRP levels according to the modified MR classification of the
atherosclerotic plaque of the American Heart Association
The analysis in this sector is similar to the previous one. We investigate the mean hs-CRP
level in patients with different types of plaques according to the MR classification by the
Kruskal-Wallis test and the percentage of patients at risk levels of hs-CRP> 3mg / l by crosstabulation and the Chi-square test. The results of the first comparison are summarized in

Table 5.
Similar to the Gray-Weale/Gerolacus classification, no statistically significant trend in hs-CRP levels (p = 0.234) is observed in the type of plaque determined by MR classification, so the hypothesis that there is a significant relation
between them could not be accepted.
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Table 5. Mean level of hs-CRP versus atherosclerotic plaque type according to MR
classification.
МR classification of
atherosclerotic plaque
Type
I-II
Type
III
Type
IV-V

Type
VI
Type
VII
Type
VIII

Almost normal vessel thickness, complex plaque without calcifications
Diffuse thinning of the intima or small eccentric plaque
without calcifications
Plaque with a lipid or necrotic nucleus, surrounded
by fibrous tissue and possible calcifications
Complex plaque with possible surface defects, bleeding
and blood clots
Calcified plaque

Count
(N)
30

𝑋̅±SD

Median
(Range)

4

1.78±1.33

1.61
(0.47-3.43)

3

1.54±1.84

1.97
(0.28-3.66)

10

8.03±15.42

2.86
(1.21-51.67)

4

9.33±12.19

4.47
(1.31-27.07)

6

2.52±3.48

0.87
(0.21-9.04)

KruskalWallis
H

p

6.81

0.234

Fibrotic plaque without lipid
4.60
core and possible small cal3
6.05±3.98
(3.0 –10.56)
cifications
𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value

The results regarding the percentage of patients with risk levels of hsCRP>3mg/l relative to the type of atherosclerotic plaque according to the MR
classification of the AHA are summarized in Table 6.
Table 6. Percentage of patients with a risk level of hs-CRP>3mg/l versus atherosclerotic
plaque type according to MR classification.
МR classification of
atherosclerotic plaque

Type
I-II
Type
III
Type
IVV
Type
VI
Type
VII
Type
VIII

Count
Count (%)
χ2
p
(N) patients with hs30
CRP>3mg/l
Almost normal vessel thickness, complex
1
4
plaque without calcifications
(25%)
Diffuse thinning of the intima or small eccen1
3
tric plaque without calcifications
(33.3%)
Plaque with a lipid or necrotic nucleus, sur4
rounded by fibrous tissue and possible calcifi- 10
(40%)
cations
4.808 0.440
Complex plaque with possible surface defects,
2
4
bleeding and blood clots
(50%)
Calcified plaque
2
6
(33.3%)
Fibrotic plaque without lipid core and possible
3
3
small calcifications
(100%)
22

Due to the small number of patients, no statistically significant association can be reported between hs-CRP and atherosclerotic plaque type (p =
0.440), but it should be noted that all patients with Type VIII plaque have a risk
level of hs-CRP>3mg/l.
Investigation about the relation between carotid artery stenosis and hs-CRP
The relation between carotid artery stenosis percentage and hs-CRP levels in individual patients is examined by Pearson's correlation analysis and also
by comparing mean stenosis percentage in patients with a risk level of hs-CRP>
3 mg/l and patients with a level of hs-CRP <3mg/l. The results of the correlation
analysis are summarized in Table 7Table 6:
Table 7. Correlation analysis results of the relation between stenosis percentage and hs-CRP
levels.
Parameters

Patients
count

Correlation
Coefficient

Significance
p

hs-CRP

120

0.076

0.41

Comparative analysis by a two-sample t-test confirmed the lack of association between carotid artery stenosis and hs-CRP. Patients with a risk level of
hs-CRP have an average stenosis rate of 39.58%, and in patients with hs-CRP
<3mg/l the mean stenosis rate is 42.39%, with no significant difference, p =
0.593 (Figure 9).

Figure 9. Mean stenosis percentage in patients with level of hs-CRP> 3 mg/l and patients
with level of hs-CRP <3mg/l.

3. Investigation about the relation between hs-CRP and ischemic stroke.
The relation between hs-CRP and ischemic stroke is analyzed in detail
and from several different aspects.
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Comparison of patients with and without ischemic stroke according to hsCRP level
In patients with ischemic stroke, we find a significantly higher mean level
of hs-CRP (22.98mg/l ± 48.59; median 6.55) in comparison to patients without
ischemic stroke (14.20mg/l ± 36.76; median 2.12), p <0.001. The percentage of
patients with hs-CRP levels> 3mg/l is significantly higher in the ischemic stroke
group (71%) than in the non-stroke patients (38%), p <0.001 (Table 8).
Table 8. Comparison of patients with and without ischemic stroke according to hs-CRP level.
hs-CRP mg/l
𝑋̅±SD
Median
(Range)

With ischemic
stroke
N=79

Without ischemic
stroke
N= 74

22.98±48.59

4.82±10.89

p

0.000**a
6.55 (0.23 – 314.78)

2.12 (0.11-75.13)

Count (%) >
56 (71%)
28 (38%)
0.000**b
3mg/l
𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value;
a- Mann-Whitney U; b- Fisher test; ** Statistically significant difference at p ≤ 0.01; * Statistically significant difference at p < 0.05

Figure 10 provides a visual comparison of patients with and without
stroke with regard to the mean hs-CRP level and the percentage of patients with
a risk level of hs-CRP> 3mg/l.

Figure 10. Comparison of patients with and without stroke versus the mean hs-CRP level and
the percentage of patients with a hs-CRP level> 3mg/l.

Analysis of the percentage distribution of patients with risk level of hsCRP > 3mg/l against the ischemic stroke subtype (TOAST classification) with
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cross-tabulation and Chi-square test showed a statistically significant association between the stroke types and the relative proportion of patients with risk
level of hs-CRP> 3mg/l (p = 0.01). The results are summarized in Table 9.
Table 9. Percentage distribution of patients with hs-CRP level > 3mg/l against the stroke
type according to TOAST classification.
% patients
Stroke type
atherosclerotic
cardioembolic
lacunar
another cause
indeterminate cause

hs-CRP > 3mg/l

hs-CRP < 3mg/l

23
79.30%
4
44.40%
9
60%
2
33.30%
19
90.50%

6
20.70%
5
55.60%
6
40%
4
66.70%
2
9.50%

χ2

p

13.004

0.011*

𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value

The highest relative share of patients with a risk level of hs-CRP> 3mg/l
is found in strokes with undetermined cause (90.50%). Next are the patients
with atherosclerotic stroke (79.30%), lacunar stroke (60%), cardioembolic
stroke (44.40%) and stroke with another designated cause (33.30%).
We performed an analysis with ROC curve to assess to which extent,
based on hs-CRP, patients with ischemic stroke can be correctly diagnosed from
those without stroke. The results showed satisfactory diagnostic precision, AUC
= 0.753, p <0.001
Figure 11 provides the ROC curve that illustrates the relation between hsCRP and ischemic stroke. The value of hs-CRP = 3mg/l, which is generally accepted as the lower threshold for increased vascular risk, showed in this sample
sensitivity of 70.89% and specificity of 63.51%. On the other hand, according to
the Youden index, our data shows value of hs-CRP > 4.29mg/l as an optimal
criterion for distinguishing ischemic stroke patients from non-stroke patients,
with a sensitivity of 62.03% (95% CI 50.40% - 72.70%) and specificity 81.08%
(95% CI 70.30% - 89.30%).
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Figure 11. ROC curve between hs-CRP and ischemic stroke.

Based on the Youden index (hs-CRP> 4.29 mg/l), we categorize patients
as hs-CRP positive and hs-CRP negative and calculate odds ratio (OR) on the
probability of ischemic stroke and CT ischemic lesions at hs-CRP seropositivity. Values of OR> 1 indicate an increased probability of a particular disease.
The higher the value of the OR is, the greater is the risk of the particular disease. Figure 12 shows that both OR have values > 1. In our investigations, the
probability of ischemic stroke in hs-CRP seropositive patients is 6.78 times
higher than that of hs-CRP negative patients (OR = 6.78; 95% CI 3.27-14.04; p
<0.001). Also, hs-CRP positive patients have a 6.04 times higher risk of ischemic lesions (OR = 6.04; 95% CI 2.19-16.62; p <0.001).

Figure 12. Odds ratio of association between hs-CRP seropositivity and the presence of
ischemic stroke and ischemic lesions visible on cerebral CT.

26

Analysis of the relation between hs-CRP, neurological deficit, time of hs-CRP
test, and clinical evolution in ischemic stroke patients
Results in this sector present the relation between hs-CRP and the following parameters: neurological deficiency assessed on the National Institutes
Stroke Scale (NIHSS); time of hs-CRP test measured in hours after stroke and
clinical evolution in ischemic stroke patients with the following categories: with
improvement, without change, with deterioration. The results of the analysis
(Table 10) show significant correlations between the levels of hs-CRP and the
three parameters studied, illustrated in Figure 13 and Figure 14.
Table 10. Results of correlation analysis of the relation between hs-CRP, neurological
deficit, time of hs-CRP test and evolution of ischemic stroke patients.
Parameters

Correlation
Coefficient

Patients
count

Significance

Neurological deficiency
79
0.322
0.004** а
(NIHSS)
Time of hs-CRP test
79
0.229
0.041* а
(hours after stroke)
Clinical evolution
79
-.0344
0.002** b
in stroke patients
а- Pearson’s correlation; b- Spearman’s correlation; ** Statistically significant correlation
at p ≤ 0.01; * Statistically significant correlation at p < 0.05

We find a positive linear relation between hs-CRP and neurological deficit (r = 0.322, p = 0.004), which, according to Cohen's reference values (53), is
average (Figure 13).

Figure 13. Significant linear relation between hs-CRP and neurological deficit.

A positive linear relation is also observed between time of the hs-CRP
test and hs-CRP levels (r = 0.229, p = 0.041). To illustrate the relation between
27

the two values, we create the trend of the mean hs-CRP values for the following
time periods: 24h;> 24h-72h;> 72h -120h; and> 120h-240h. Figure 14 shows
that in the period> 120h. - 240h. the highest mean level of hs-CRP (54.31mg / l)
is monitored. For other periods, the mean values are similar, which explains the
generally low but significant value of the correlation in this case.

Figure 14. Mean level of hs-CRP against the time of the hs-CRP test.

The correlation between hs-CRP and clinical evolution also shows a significant linear dependence of medium value (rs = -0.344, p = 0.002), but it
should be noted that the coefficient is negative. In this case, an inverse (negative) correlation is observed, as hs-CRP levels decrease with the improvement
of the condition of patients with ischemic stroke. Figure 15 shows that the highest level of hs-CRP is observed in patients, whose condition has deteriorated
and the lowest in patients whose condition has improved.

Figure 15. Mean level of hs-CRP against the clinical evolution
in stroke patients.

The prognostic role of hs-CRP on neurological deficit
In the course of the correlation analysis presented in the previous sector,
we performe a single linear regression analysis to determine the prognostic role
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of hs-CRP for neurological deficit determined using the National Institutes of
Stroke (NIHSS) scale. The regression model showed statistical significance (p =
0.004) with a coefficient of determination R-square = 10.40% and an adjusted
coefficient of determination R-square (adj.) = 9.20%. The constant (3.759) and
the B-coefficient (0.023) are statistically significant (p <0.001 and p = 0.004).
Based on this, we have compiled the following prognostic equation: NIHSS =
3.759 + 0.023 (hs-CRP). For example, if hs-CRP = 10, NIHSS = 3.759 + 0.023
x 10 = 3.99. Or, at hs-CRP = 10, NIHSS = 3.99 can be predicted, but it should
be noted that the predictive accuracy is 10.40% for this sample and 9.20% if the
prognosis is applied to other samples.
The Venn diagram in Figure 16 illustrates the prognostic role of hs-CRP
on the degree of neurological deficit (NIHSS). The overlap between the two
values is equal to the coefficient of determination (10.40%), which corresponds
to the prognostic role of hs-CRP.

Figure 16. The prognostic role of hs-CRP on the degree of neurological deficit (NIHSS).

4. Investigation of the relation between ICAM-1 and carotid atherosclerosis.
ICAM-1 (Intercellular Adhesion Molecule 1) is another serum indicator
associated with atherosclerosis and of interest in the present study.
Comparison of patients with and without carotid atherosclerosis regarding
ICAM-1 level
For statistical comparison of ICAM-1 levels between patients with and
without carotid atherosclerosis, the Mann-Whitney U test is used. The results
show that the mean level in patients with carotid atherosclerosis is similar
(461.3ng / ml) with this in patients without carotid atherosclerosis (447.8ng /
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ml) and the median hava the same value of 438ng/ml, so the Mann-Whitney test
shows no statistically significant difference (p = 0.168).
The lack of a statistically significant difference in the mean ICAM-1 level
between patients with and without carotid atherosclerosis does not give us reason to accept the hypothesis of a relation between the two variables.
Analysis of ICAM-1 levels by the type of atherosclerotic plaque according to
the Gray-Weale / Gerolacus classification
This sector presents the results of the comparison between the mean level
of ICAM-1 and the type of plaque determined by the Gray-Weale / Gerolacus
ultrasound classification (Table 11).
Table 11. Mean ICAM-1 level versus Gray-Weale/Gerolacus atherosclerotic plaque type
Count
(N)
120

𝑋̅±SD

Median
(Range)

Anechogenic with echogenic
fibrous capsule

5

407.0±193

460
(193-568)

Mostly anechogenic with less
than 25% echogenic areas

19

433.94±153

420
(164-686)

Mostly hyperechogenic with
less than 25% anechogenic
areas

48

462.35±152

470
(186-751)

Type
IV

Echogenic plaques

32

541.23±208

505
(190-981)

Type
V

Unclassified plaques

16

444.46±124

408
(281-666)

Ultrasound classification of atherosclerotic plaque
(Gray-Weale/Gerolacus)
Type
I
Type
II
Type
III

KruskalWallis
H

p

3.227

0.521

𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value

Given all these factors, we cannot accept the hypothesis that a statistically
significant relation exists between the type of atherosclerotic plaque and the
mean ICAM-1 level.
Analysis of ICAM-1 levels according to the modified MR classification of
AHA
The results are summarized in Table 12.
Table 12. Mean level of ICAM-1 versus atherosclerotic plaque type according to MR
classification.
30

МR classification of
atherosclerotic plaque
Type
I-II

Type
III

Type
IV-V

Type
VI

Type
VII

Count

𝑋̅±SD

Median
(Range)

(N)
30

Almost normal vessel thickness,
complex plaque without calcifications

4

552.25±112

524
(460-701)

Diffuse thinning of the intima or
small eccentric plaque without
calcifications

3

358.50±98

385
(289-428)

10

381.70±132

421
(164-535)

4

520±226

606
(186-681)

6

356.83±84

385
(193-420)
418
(296 –418)

Plaque with a lipid or necrotic
nucleus, surrounded by fibrous
tissue and possible calcifications
Complex plaque with possible
surface defects, bleeding and
blood clots
Calcified plaque

KruskalWallis
H

p

8.83

0.116

Type Fibrotic plaque without lipid core
3
362.33±61
VIII and possible small calcifications
𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value

The observed variations in ICAM-1 values, without a definite trend, show
no statistically significant differences (p = 0.116). This gives us reason to reject
the hypothesis for a systematic relation between the types of plaques according
to the MR classification of AHA and variations in the level of ICAM-1.
Investigation of the relation between carotid artery stenosis and ICAM-1
The relation between carotid artery stenosis percentage and ICAM-1 levels in individual patients is examined by Pearson's correlation analysis. We
found no linear association between stenosis percentage and ICAM-1 levels, r =
-0.025, p = 0.820.
5. Investigation about the relation between ICAM-1 and ischemic stroke.

Comparison of patients with and without ischemic stroke according to ICAM1 level
Overall, the levels of the two groups are similar and the difference is not
statistically significant, p = 0.714 (Table 13). Based on the results, we cannot
accept the hypothesis for a relation between ICAM-1 and ischemic stroke.
Table 13. Comparison of patients with and without ischemic stroke according to ICAM-1
level.
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ICAM-1 ng/ml
𝑋̅±SD

With ischemic
stroke
N=79

Without ischemic
stroke
N= 74

455±169

460±144

p

0.714a
428
450
Median (Range)
(176 – 866)
(164-981)
̅
𝑋- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value;
a- Mann-Whitney U

Analysis of ICAM-1 level against the ischemic stroke subtype (TOAST classification)
To investigate variations in ICAM-1 levels depending on the type of
stroke according to TOAST classification, we performed a comparative analysis
using the Kruskal-Wallis test between stroke types. The results showed no statistically significant relation between the level of ICAM-1 and the type of
stroke, p = 0.801.
Figure 17 illustrates variations in ICAM-1 values against the type of ischemic stroke.

Figure 17. ICAM-1 level against the stroke type.

Analysis of the relation between ICAM-1, neurological deficit, time of ICAM1 test, and clinical evolution in ischemic stroke patients
Evaluation of the relation between ICAM-1, neurological deficiency
(NIHSS) and time of the ICAM-1 test (hours after stroke) is done by Pearson’s
correlation analysis, and clinical evolution in patients with ischemic stroke (improvement, without change, deterioration) is analyzed by Spearman’s correlation analysis. The results showed no significant correlations between the levels
of ICAM-1 and the three parameters studied as follows: ICAM-1 → neurologi32

cal deficit, r = 0.96, p = 0.507; ICAM-1 → time of ICAM-1 test; r = 0.251, p =
0.079; ICAM-1 → clinical evolution in patients with ischemic stroke, rs = 0.088,
p = 0.542.
6. Investigation about the relation between VCAM-1 and carotid atherosclerosis
VCAM-1 (vascular cell adhesion molecule 1) is the third serum indicator
of interest in the present study on a possible association with carotid atherosclerosis.
Comparison of patients with and without carotid atherosclerosis according to
VCAM-1 level
For statistical comparison of VCAM-1 levels between patients with and
without carotid atherosclerosis, the Mann-Whitney U test is used. The results
show a higher mean value (1413.13ng/ml) of VCAM-1 in patients with carotid
atherosclerosis compared to patients without carotid atherosclerosis
(1032ng/ml), but the medians have similar values of 1032ng/ml and 1020ng/ml,
respectively. In both groups, the distribution is asymmetric, which makes the
median a more valid measure of the mean level. Therefore, the Mann-Whitney
test shows no statistically significant difference (p = 0.319).
Analysis of VCAM-1 levels by the type of atherosclerotic plaque according to
the Gray-Weale / Gerolacus classification
The results of the comparison between the mean level of VCAM-1 and
the type of plaques determined by the Gray-Weale/Gerolacus ultrasound
classification are summarized in
Table 14.
Table 14. Mean VCAM-1 level versus atherosclerotic plaque type according to the GrayWeale/Gerolacus ultrasound scale.
Ultrasound classification of atheroscle- Count
Median
Kruskal𝑋̅±SD
rotic plaque
(N)
(Range)
Wallis
(Gray-Weale/Gerolacus)
120
H
Type Anechogenic with echogenic
1360
5
1573.33±806
I
fibrous capsule
(895-2465)
Type
II

4.234
Mostly anechogenic with less
than 25% echogenic areas

19

33

1437±784

1615
(425-2490)

p

0.375

Type
III Mostly hyperechogenic with less
than 25% anechogenic areas

48

1670.73±257

1340
(395-7705)

Type
IV

32

1130.11±1503

845
(480-2325)

Echogenic plaques

Type
755
Unclassified plaques
16 1040.76±663
V
(435-2640)
𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value

The differences between the separate levels do not reach statistical significance, p = 0.375. The present results do not support the hypothesis that there is
a statistically significant relation between the different types of atherosclerotic
plaques and the level of VCAM-1.
Analysis of VCAM-1 levels by atherosclerotic plaque type according to the
modified MR classification of AHA
Similar to the previous sector, we monitored the level of VCAM-1 for
different types of plaques according to the modified MR classification of AHA.
The results are summarized in Table 15.
Table 15. Mean level of VCAM-1 versus atherosclerotic plaque type according to MR
classification.
Count
Median
Kruskal𝑋̅±SD
(N)
(Range)
Wallis
30
H
Type Almost normal vessel thickness,
4
1273.75±381
1250
I-II complex plaque without calcifi(845-1750)
cations
Type Diffuse thinning of the intima or
3 1452.50±1007
1452
III
small eccentric plaque without
(740-2165)
calcifications
МR classification of
atherosclerotic plaque

p

Type Plaque with a lipid or necrotic
10 1301.00±859
1022
2.89 0.716
IV- nucleus, surrounded by fibrous
(425-2640)
V tissue and possible calcifications
Type Complex plaque with possible
4 2897.50±3314
1610
VI
surface defects, bleeding and
(665-7705)
blood clots
Type
Calcified plaque
6
1885.00±736
2207
VII
(690-2475)
Type Fibrotic plaque without lipid
3
1547.33±674
1650
VIII core and possible small calcifi(827 –2165)
cations
𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value

The observed variations in the values of VCAM-1 are unsystematic and
do not allow a definite trend to be compiled.
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Investigation of the relation between carotid artery stenosis and VCAM-1
The relation between carotid artery stenosis percentage and VCAM-1
levels in individual patients is examined by Pearson's correlation analysis. The
results show no linear association between the stenosis percentage and VCAM1 levels, r = -0.007, p = 0.950.
7. Investigation about the relation between VCAM-1 and ischemic stroke.
Comparison of patients with and without ischemic stroke according to
VCAM-1 level
In patients with ischemic stroke, the mean level of VCAM-1 is
1516.60ng/ml, with a median of 1547ng/ml, and in patients without stroke, the
median level and median are 1229.78ng/ml and 807ng/ml, respectively. The
higher VCAM-1 level in stroke patients is statistically significant, p = 0.019.
These results give us reason to accept the hypothesis for a link between VCAM1 and ischemic stroke.
Analysis of VCAM-1 levels against the ischemic stroke type (TOAST classification)
Analysis of VCAM-1 against ischemic stroke subtypes (TOAST classification) shows variations in levels, but with no significant difference, p = 0.276.
The results are summarized in Figure 18 and described below.

Figure 18. VCAM-1 level against the stroke types.

Despite its lack of statistical significance, the level of VCAM-1 shows a
definite relation with stroke types, with the highest value observed in atherosclerotic stroke and the lowest in stroke from another cause. In order to check
the validity of this trend, it is necessary to include larger groups of patients with
different types of stroke.
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Analysis of the relation between VCAM-1 and early ischemic lesions from the
cerebral CT scan within the first 24 hours of the incident
To investigate the relation between VCAM-1 and ischemic lesions, we
performed analysis with ROC curve. The results show weak but significant relation between VCAM-1 values and the presence of ischemic lesions, AUC =
0.627, p = 0.019.
The ROC curve between VCAM-1 and the presence of ischemic lesions
is presented in Figure 19. In this sample, the Youden index determines a criterion level of VCAM-1> 740ng/ml (95% CI: 670ng/ml - 1140ng/ml) as border between patients with ischemic lesions and without ischemic lesions. VCAM-1
levels higher than> 740ng/ml are associated with the presence of ischemic lesions with sensitivity of 78% and specificity of 50%.

Figure 19. ROC curve between VCAM-1 and the presence of ischemic lesions.

Based on the Youden index criterion value (VCAM-1> 740ng/ml), we
categorized patients into two groups, positive (VCAM-1> 740ng/ml) and negative (VCAM-1 ≤ 740ng/ml) and calculated the odds ratio (OR) on CT ischemic
lesions with VCAM-1 seropositivity. The results showed a 3.45 times higher
risk of ischemic lesions in patients with VCAM-1 values> 740ng/ml (OR =
3.45; 95% CI 1.5-7.92; p = 0.003). The odds ratio and 95% CI are illustrated in
Figure 20.
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Figure 20. Increased risk of CT ischemic lesions at VCAM-1> 740ng/ml.

Analysis of the relation between VCAM-1, neurological deficit, time of the
VCAM-1 test, and clinical evolution in ischemic stroke patients
The results of the analysis on the relation between VCAM-1 and neurological deficit (NIHSS) show a significant positive linear relation between the
two values, r = 0.535, p <0.001. For the other two variables, no significant relationship was found with the VCAM-1 levels: VCAM-1→ time after stroke,
when VCAM-1 test is made (r = -0.040, p = 0.783); VCAM-1 → clinical evolution in patients with ischemic stroke (rs = -0.152, p = 0.291).
Figure 21 illustrates the positive linear relation between VCAM-1 and
neurological deficit. Higher VCAM-1 values are associated with higher NIHSS
values and vice versa.

Figure 21. Significant linear relation between VCAM-1 and neurological deficit.

Prognostic role of VCAM-1 on neurological deficit
To clarify the prognostic role of VCAM-1 on neurologic deficit, we performed a linear regression analysis. The regression model showed statistical
significance (p <0.001) with a coefficient of determination R-square = 28.6%
and adjusted coefficient of determination R-square (adj.) = 27.10%. The constant (0.774) and the B-coefficient (0.002) are statistically significant (p = 0.03
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and p <0.001). Based on this, we have compiled the following prognostic equation: NIHSS = 0.774 + 0.002 (VCAM-1). For example, if VCAM-1 = 1000,
NISS = 0.774 + 0.002 x 1000 = 2.77. Or, at a value of VCAM-1 = 1000, NIHSS
= 2.7 can be predicted, but it should be noted that the predictive accuracy is
28.6% for this sample and 27.10% if the prognosis is applied to other samples.
The Venn diagram of Figure 22 illustrates the prognostic role of VCAM1 in relation to the degree of neurological deficit (NIHSS). The overlap between
the two values is equal to the coefficient of determination (28.60%) and corresponds to the prognostic role of VCAM-1.

Figure 22. The prognostic role of VCAM-1 on the degree of neurological deficit (NIHSS).

8. Investigation of the relation between fibrinogen and carotid atherosclerosis.
Similar to the previous serum indicators, we examined the relation between fibrinogen levels and carotid atherosclerosis. According to the laboratory
kits used, fibrinogen levels between 2 and 4g/l are considered normal.
Comparison of patients with and without carotid atherosclerosis according to
fibrinogen levels
In patients with and without carotid atherosclerosis, a normal distribution
of fibrinogen levels is found and comparative analysis is performed by a t-test
for independent sampling. The results show significantly higher mean level in
patients with carotid atherosclerosis (3.70g/l±1.06; median 3.56) compared to
patients without carotid atherosclerosis (3.11g/l±0.85; median 3.03), p = 0.012.
We further compared the percentage of patients with fibrinogen levels above the
upper limit (> 4g/l) using the Fisher test. Increased level of fibrinogen (> 4g / l)
is found in 38% (N = 46) of carotid atherosclerosis patients, and in 15% (N =
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5)of patients without carotid atherosclerosis, with a significant difference of
23%, p = 0.013.
The results indicate that the presence of carotid atherosclerosis is associated with increased fibrinogen levels and higher percentage of patients with level above the upper limit (> 4g/l) (Figure 23).

Figure 23. Comparison of patients with and without carotid atherosclerosis versus mean
fibrinogen levels and percentages of patients with level >4g/l.

Analysis of fibrinogen levels by the type of atherosclerotic plaque according to
the Gray-Weale/Gerolacus ultrasonic classification
To examine the relation between fibrinogen and atherosclerotic plaque
type according to the Gray-Weale/Gerolacus ultrasound classification, we performed a comparative analysis using the Kruskal-Wallis test and followed the
association between the percentage of patients with increased fibrinogen (>
4g/l) and the type of atherosclerotic plaque by cross-tabulation and Chi-square
test.
The results of the first analysis are summarized in Table 16.
Table 16. Mean fibrinogen level versus atherosclerotic plaque type according to the GrayWeale/Gerolacus ultrasound classification.
Ultrasound classification of atherosclerotic Count 𝑋̅±SD
Median
Kruskalplaque
(N)
(Range)
Wallis
(Gray-Weale/Gerolacus)
120
H
Type Anechogenic with echogenic fibrous
2.99
5 2.99±0.22
I
capsule
(2.83-3.15)
Type
II

Mostly anechogenic with less than
25% echogenic areas

19

39

3.83±1.0

3.81
(2.39-6.35)

3.39

p

0.494

Type
III
Type
IV
Type
V

Mostly hyperechogenic with less
than 25% anechogenic areas

48

3.72±1.12

3.61
(1.63-7.32)

Echogenic plaques

32

3.76±1.09

3.62
(1.97-7.32)

3.32
(2.39-7.32)
𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum
Unclassified plaques

16

3.47±1.06

Value

These results do not give us reason to accept the hypothesis there is a statistically significant relation between the type of atherosclerotic plaque and the
mean fibrinogen level.
The results for the distribution of patients with increased fibrinogen levels
(> 4 g/l) for the different degrees of atherosclerotic plaque are summarized in
Table 17.
According to the Chi-square test, the distribution of patients with fibrinogen level > 4g/l relative to the type of atherosclerotic plaques do not show significant association (p = 0.549).
Table 17. Percentage of patients with fibrinogen level> 4 g/l versus atherosclerotic plaque
type according to the Gray-Weale/Gerolacus ultrasound classification.
Ultrasound classification of atherosclerotic
plaque
(Gray-Weale/Gerolacus)
Type Anechogenic with echogenic fibrous
I
capsule

Count
(N)
120

Count (%)
patients with
fibrinogen>4g/l

5

0
(0%)

Mostly anechogenic with less than
25% echogenic areas

19

7
(39%)

Mostly hyperechogenic with less
than 25% anechogenic areas

48

18
(38%)

Type
IV

Echogenic plaques

32

10
(30%)

Type
V

Unclassified plaques

16

4
(25%)

Type
II
Type
III

40

χ2

p

3.056 0.549

Analysis of fibrinogen levels by atherosclerotic plaque type according to the
modified MR classification of the American Heart Association
Table 18. Mean fibrinogen level versus atherosclerotic plaque type according to the modified
MR classification of the AHA.
МR classification of
atherosclerotic plaque
Type
I-II

Type
III

Type
IV-V

Type
VI

Type
VII

Count
(N)
30

𝑋̅±SD

Median
(Range)

Almost normal vessel thickness,
complex plaque without calcifications

4

3.02±0.522

2.93
(2.54-3.71)

Diffuse thinning of the intima or
small eccentric plaque without
calcifications

3

3.27±0.77

3.27
(2.72-3.82)

10

3.29±0.70

3.15
(2.48-4.79)

4

3.47±1.08

3.32
(2.48-4.63)

6

3.66±0.93

Plaque with a lipid or necrotic
nucleus, surrounded by fibrous
tissue and possible calcifications
Complex plaque with possible
surface defects, bleeding and
blood clots
Calcified plaque

Type

KruskalWallis
H

p

1.90

0.862

3.56
(2.54-4.79)
3.23
(2.99-4.47)

Fibrotic plaque without lipid core
3
3.56±0.79
and possible small calcifications
𝑋̅- arithmetic mean value; SD - standard deviation; Range - Minimum-Maximum Value

VIII

Similar to the Gray-Weale/Gerolacus classification, the types of plaques
determined according to the modified MR classification of AHA do not show
significant relation with fibrinogen level.
Results on the percentage of patients with fibrinogen level >4 g/l are
summarized in Table 19.
Table 19. Percentage of patients with fibrinogen level > 4g/l versus atherosclerotic plaque
type according to the modified MR classification of the AHA.
МR classification of
atherosclerotic plaque
Type
I-II
Type
III

Almost normal vessel
thickness, complex plaque
without calcifications
Diffuse thinning of the intima or small eccentric
plaque without calcifications

Count
(N)
30

Count (%)
patients with
fibrinogen>4g/l

4

0
(0%)

3

0
(0%)
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χ2

p

Type
IV-V

Type
VI
Type
VII
Type
VIII

Plaque with a lipid or necrotic nucleus, surrounded
by fibrous tissue and possible calcifications
Complex plaque with possible surface defects,
bleeding and blood clots
Calcified plaque
Fibrotic plaque without
lipid core and possible
small calcifications

10

2
(20%)

4

1
(25%)

6

2
(33.3%)

3

1
(33.3%)

2.659

0.752

According to the Chi-square test, no significant relation is found between
plaque type and the percentage of patients with increased fibrinogen levels (p =
0.752). However, we should note an increase in the percentage with an increase
of the degree of atherosclerotic plaques.
Investigation of the relation between carotid vessel stenosis and fibrinogen
The relation between carotid vessel stenosis percentage and fibrinogen
levels in individual patients is examined by Pearson's correlation analysis and
also by comparing mean stenosis percentage in patients with normal fibrinogen
levels (2-4g/l) and those with increased level (> 4g/l). The results of the correlation analysis show no linear association between the percentage of stenosis and
the fibrinogen levels, r = -0.009, p = 0.932.
Comparative analysis by a two sample t-test confirms the absence of relation between carotid vessel stenosis and fibrinogen. Patients with increased fibrinogen level (> 4g/l) have an average stenosis rate of 43.59%±29%, and in
patients with normal fibrinogen level the percentage is 41.80%±28%, with no
significant difference, p = 0.772 ( Figure 24).

Figure 24. Mean stenosis percentage in patients with fibrinogen levels 2-4g/l and> 4g/l.
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9. Investigation about the relation between fibrinogen and ischemic stroke.
Comparison of patients with and without ischemic stroke according to fibrinogen level
In patients with ischemic stroke, we find a significantly higher mean fibrinogen level (3.78g/l; median 3.23g/l) than in patients without ischemic stroke
(3.30g/l; median 1.34g/l), p =0.012. The percentage of patients with increased
fibrinogen level (> 4g/l) is significantly higher in the ischemic stroke group
(35%) than in the non-stroke patients (16%), p = 0.01.
Analysis of fibrinogen levels against the ischemic stroke subtype (TOAST
classification)
The percentage distribution of patients with increased fibrinogen level (>
4g/l) against the ischemic stroke subtypes is presented in Figure 25. The percentage varies between types from 11% to 47.6%, but the Chi-square test shows
no significant association between stroke types and the relative share of patients
with increased fibrinogen level> 4g/l (p = 0.131).

Figure 25. Percentage of patients with increased fibrinogen level (> 4g/l) versus the stroke
type (TOAST classification).

Despite the lack of significant association between stroke types and increased fibrinogen levels (> 4g/l), it should be noted that the trend observed is
similar to that of hs-CRP analisys. In particular, the highest relative share of patients with fibrinogen level> 4g/l is found in strokes with an undetermined
cause (47.60%). Next are the patients with atherosclerotic stroke (37%), lacunar stroke (33.3%), cardioembolic stroke (22%) and stroke with another designated cause (14%).
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Analysis of the relation between fibrinogen and early ischemic lesions from
the cerebral CT scan taken within the first 24 hours of the incident
The potential relation between fibrinogen and ischemic lesions is verified
by analysis with ROC curve. A weak but statistically significant relationship is
found, AUC = 0.635, p = 0.008.
Figure 26 illustrates the ROC curve between fibrinogen and the presence
of ischemic lesions. According to the Youden Index, fibrinogen values > 3.41g/l
(95% CI> 2.85g/l to> 4.06g/l) are associated to patients with ischemic lesions,
with a sensitivity of 59% and specificity 69.60%.

Figure 26. ROC curve between fibrinogen and presence of ischemic lesions.

According to the established Youden index criterion value (fibrinogen>
3.41g/l), patients are categorized as fibrinogen positive (> 3.41g/l) and negative
≤ 3.41g/l). The transcoded data is used to calculate the odds ratio (OR) of ischemic lesions imaged by CT in fibrinogen-positive patients. A 3.29 times
higher risk of ischemic lesions is found in patients with fibrinogen level> 3.41g
/ l (OR = 3.29; 95% CI 1.53-7.08; p = 0.0023). The odds ratio and 95% CI are
illustrated in Figure 27.

Figure 27. Increased risk of ischemic lesions represented by CT at fibrinogen values>
3.41g/l.
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Analysis of the relation between fibrinogen, neurological deficit, test time,
and clinical evolution in patients with ischemic stroke
Results of the relation between fibrinogen and the following parameters
are presented in this sector: neurological deficit according to NIHSS scale;
blood sample time and clinical evolution in ischemic stroke patients (with improvement, without change, with deterioration). The results of the correlation
analysis show no linear relation between fibrinogen and neurological deficit (r =
0.165, p = 0.153), significant positive relation between fibrinogen and test time
(r = 0.275, p = 0.015), and significant negative relation between fibrinogen and
clinical evolution of stroke (rs = -0.341, p = 0.012).
The significant correlation between fibrinogen and the test time is illustrated in Figure 28, in which test time is presented in the following time periods:
24h;> 24h-72h;> 72h -120h; and> 120h-240h. The chart shows that the highest
level of fibrinogen is observed at > 120h. - 240h. During this period the fibrinogen level is higher (4.71g/l) than the upper limit for normal levels (2-4g/l). For
the other periods, the mean values are similar and are within the normal limits.

Figure 28. Mean fibrinogen level against the blood sample test time.

The relation between fibrinogen and the clinical evolution of stroke is illustrated in Figure 29. The correlation is negative - as patients with ischemic
stroke improve, fibrinogen levels decrease. The highest level of fibrinogen is
observed in patients who experienced deterioration (4.67g/l). Next are the patients without change in which the mean fibrinogen level is 4.40g/l. It should be
noted that in both groups the fibrinogen level is higher than the upper limit
(4g/l). The lowest level of fibrinogen is observed in patients with improvement
in condition (3.53g/l), where the mean level is within the normal range.
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Figure 29. Mean fibrinogen levels relative to clinical evolution in stroke patients.

10. Correlation analysis.
Analysis of the relation of hs-CRP with ICAM-1, VCAM-1, fibrinogen, leukocytes, hematocrit and platelets
At the center of the first correlation analysis is the acute phase indicator
hs-CRP. Our intent is to trace the relation with ICAM-1, VCAM-1, fibrinogen,
leukocytes, hematocrit and platelets. Two significant correlations emerged from
the results as follows: hs-CRP→Fibrinogen, r = 0.496, p <0.001, and hsCRP→Leukocytes, r = 0.372, p <0.001. Both significant correlations are positive and average according to Cohen's reference values. The remaining correlations (between hs-CRP and ICAM-1, VCAM-1, hematocrit and platelets) do not
show significant linear relation (p> 0.05 for all correlations).
Figure 30 illustrates the two significant correlations showing a positive
linear relation of individual hs-CRP levels with individual fibrinogen and leukocyte levels.
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Figure 30. Significant linear relation of hs-CRP with fibrinogen and leukocytes.

Analysis of the relation of ICAM-1 with VCAM-1, fibrinogen, leukocytes,
hematocrit and platelets
The second correlation analysis aims to examine the relation of ICAM-1
serum level with that of VCAM-1, fibrinogen, leukocytes, hematocrit and platelets. The results do not support the hypothesis of a link between ICAM-1 and
the studied parameters. For all five correlations, the coefficients are low and do
not reach statistical significance (p> 0.05 for all correlations).
Analysis of the relation of VCAM-1 with fibrinogen, leukocytes, hematocrit
and platelets
Similarly, we examine the potential relation of VCAM-1 with fibrinogen,
leukocytes, hematocrit, and platelets. Like ICAM-1, no significant linear relation is found between VCAM-1 and the other indicators. The correlation coefficients have low values and do not reach statistical significance (p> 0.05 for all
correlations). The results do not support the hypothesis of a link between
VCAM-1, fibrinogen, leukocytes, hematocrit and platelets.
Analysis of the relation of fibrinogen with leukocytes, hematocrit and platelets
The latest analysis in this sector studies the potential link between fibrinogen, leukocytes, hematocrit and platelets. The results show two significant
positive correlations. The first, between fibrinogen and leukocytes, is of moderate value (r = 0.342, p <0.001). The second also shows moderate correlation between fibrinogen and platelets (r = 0.390, p <0.001). No significant relation is
found between fibrinogen and hematocrit, p = 0.115. In summary, the results
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support the hypothesis for a positive linear relation of fibrinogen with leukocytes and platelets and lack of relation with hematocrit.
The relation of fibrinogen with leukocytes and platelets is illustrated in
Figure 31.

Figure 31. Significant linear relation of fibrinogen with leukocytes and platelets.

11. Predictors of ischemic stroke.
To determine the values that have a significant role in the prediction of
ischemic stroke, we performed a binary logistic regression with the dependent
value being presence/absence of stroke (1 = ischemic stroke and 0 = no ischemic stroke). Logistic regression is performed using the Enter method. Initially, we
included in the prognostic model all variables that showed a significant difference between patients with and without stroke: 1) hs-CRP (1 = risk level; 0 =
below risk level); 2) fibrinogen (1 = level above normal limits; 0 = normal); 3)
VCAM-1; 4) leukocytes; 5) atrial fibrillation (1 = presence of atrial fibrillation;
0 = absence of atrial fibrillation) and 6) cardiovascular disease (1 = presence of
cardiovascular disease; 0 = absence of cardiovascular disease)
The binary logistic regression was preceded by a collinearity diagnostic
test, which shows that the requirement for no high correlations between the
prognostic values was met. From the results, it was found that two of the estimated six predictors had no significant prognostic role, including: leukocytes (p
= 0.104) and presence of cardiovascular disease (p = 0.261). Therefore, they
were excluded from the prognostic analysis and a second reduced regression
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model was composed, that includes only the variables with significant prognostic role: 1) hs-CRP, 2) fibrinogen, 3) atrial fibrillation and 4) VCAM-1.
The Chi-square test showed that the regression model is statistically significant, χ2 = 51.99, p <0.001. Of particular importance are the regression coefficients (B) and the exponents of regression coefficients Exp(B), which are connected to the Odds ratio in binary predictors, such as hs-CRP, fibrinogen and
atrial fibrillation.
The hs-CRP acute phase biomarker shows Exp(B) = 6.66, which is interpreted as 6.66 times higher stroke risk for patients with risk level of hs-CRP
compared to patients with lower than risk level (p = 0.001). This information is
not new, as the predictive role of hs-CRP on ischemic stroke has been analyzed
in one of the previous sectors. Another acute phase marker with significant
prognostic value is fibrinogen, p = 0.012. Patients with fibrinogen values above
the normal level (> 4g / l) have a 4.83 times higher risk of stroke compared to
the patients with fibrinogen within the normal range. Atrial fibrillation is another significant predictor of ischemic stroke (p = 0.015), which is associated with
an 8.88 times increased risk of stroke. The only significant predictor encoded on
a continuous scale is VCAM-1(p = 0.019), therefore Exp(B) cannot be interpreted as an odds ratio, but also means an increase of stroke risk with an increase of VCAM-1 value.
Based on insignificant predictors (hs-CRP, fibrinogen, atrial fibrillation,
and VCAM-1), 85% of stroke patients and 89% of those without stroke are correctly classified, with overall classification accuracy of 87% (Figure 32)

Correctly
classified
patients with stroke
85%

Correctly
classified
patients without stroke
89%

TOTAL
87%

Figure 32. Percentage of correctly classified stroke and non-stroke patients based on the
regression model.

The predictive precision of the model is illustrated by the ROC curve of
Figure 33. The reference values for interpreting the area coefficient below the
curve are as follows: 90-1 = high reliability; 0.80-0.90 = good reliability; 0.700.80 = acceptable reliability; 0.60-0.70 = low reliability; 0.50-0.60 = lack of reliability. In the current model, the area under the AUC = 0.883 curve shows a
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good (almost high) reliability of the prognostic model (p<0.001) in identifying
true positive (with stroke) and true negative (without stroke) cases.

Figure 33. ROC curve illustrating the precision of ischemic stroke prognosis based on hsCRP, fibrinogen, atrial fibrillation and VCAM-1.
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Summary of the results

Based on the performed analysis of the relation between hs-CRP and carotid atherosclerosis, the following major trends emerge in this study:
1. The presence of carotid atherosclerosis is associated with significantly higher level of hs-CRP and significantly higher percentage of patients with a risk
level of hs-CRP> 3mg/l.
2. Our results showed no systematic variation in hs-CRP levels associated with
the type of atherosclerotic plaque determined by the Gray-Weale/Gerolacus
classification and the MR classification.
3. We found no relation between carotid vessel stenosis percentage and hs-CRP
level.

The main trends in the analysis of the relation between ischemic stroke
and hs-CRP are as follows:
1. The mean hs-CRP level and the percentage of patients with risk level (hsCRP level> 3mg/l) are significantly higher in patients with ischemic stroke.
2. In the study group, the highest percentage of patients with hs-CRP> 3mg/l is
found in strokes from undetermined cause and the lowest in strokes caused
by another designated cause.
3. It has been found that, based on hs-CRP, patients with stroke can be correctly diagnosed from those without stroke, with good precision, at optimal hsCRP criterion value> 4.29 mg/l.
4. We found an increased risk of early ischemic lesions visible on cerebral CT
in patients with hs-CRP level> 4.29 mg/l.
5. Positive linear relation is observed between hs-CRP levels and neurological
deficit (NIHSS). The predictive role of hs-CRP is 10.40% according to the
formula: NIHSS = 3.759 + 0.023 (hs-CRP).
6. A positive linear relation is found between hs-CRP levels and the time of the
blood sample. The highest mean hs-CRP level is read in the period > 120h240h.
7. A negative relation is found between the evolution of ischemic stroke patients and the level of hs-CRP. Patients who experienced worsening showed
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the highest mean level and vice versa, patients with the improvement in condition had the lowest mean level.
From the analysis performed on the relation between ICAM-1 and carotid atherosclerosis, we found that ICAM-1 levels vary between patients and
values, with no statistically significant trend. In particular, the main conclusions
are:
1. The ICAM-1 level shows no relation with the presence of carotid atherosclerosis.
2. We found no systematic variation in ICAM-1 levels associated with the type
of atherosclerotic plaque determined by the Gray-Weale/Gerolacus classification and the MR classification. On this basis, the hypothesis for relation
between the degree of atherosclerotic plaque and the level of ICAM-1 has
not been confirmed.
3. No relation was found between carotid vessel stenosis percentage and
ICAM-1 level.
The relation between ICAM-1 and ischemic stroke lead us to the following conclusions:
1. The serum level of ICAM-1 shows no relation with ischemic stroke and cannot serve as a biomarker for diagnosis and prognosis of ischemic stroke.
2. No relation is found between ICAM-1 and the types of ischemic stroke.
3. ICAM-1 levels showed no relation with neurological deficit, serum test time,
and evolution of ischemic stroke patients.
Analysis regarding the relation between VCAM-1 and carotid atherosclerosis show unsystematic variations in VCAM-1 level and a lack of statistically
significant trend. The main conclusions are as follows:
1. The serum level of VCAM-1 shows no relation with the presence of atherosclerosis.
2. No relation is found between the VCAM-1 level and the degree of atherosclerotic plaque determined by the Gray-Weale/Gerolacus classification and
the MR classification.
3. No relation is found between carotid artery stenosis percentage and VCAM1 level.

52

The results about the relation between VCAM-1 and ischemic stroke
lead us to the following conclusions:
1. A significant relation is found between VCAM-1 and ischemic stroke with
significantly higher level in stroke patients.
2. No relation is found between VCAM-1 level and the types of ischemic
stroke.
3. There is a significant linear relation between VCAM-1 and neurological deficit. Based on VCAM-1, we can predict the degree of neurological deficit
with 28.60%/27.10% precision with the formula: NIHSS = 0.774 + 0.002
(VCAM-1).
4. VCAM-1 levels show no relation with the time of the serum test and evolution of ischemic stroke patients.
5. We found a weak but significant relation between VCAM-1 values and the
presence of ischemic lesions. In this sample, patients with VCAM-1 level>
740ng/ml show 3.45 times increased risk of ischemic lesions.
Based on the analysis of the relation between fibrinogen and carotid
atherosclerotic, we have formulated the following main trends:
1. The presence of carotid atherosclerosis is associated with a significantly
higher level of fibrinogen and a significantly higher percentage of patients
with level outside the normal range.
2. No significant relation is found between fibrinogen levels and the degree of
atherosclerotic plaque determined by the Gray Weale/Gerolacus classification and the MR classification.
3. No significant relation is found between carotid vessel stenosis percentage
and fibrinogen level.
The main trends in the analysis of the relation between ischemic stroke
and fibrinogen are as follows:
1. The mean fibrinogen level and the percentage of patients with increased level (> 4g/l) are significantly higher in patients with ischemic stroke.
2. No significant relation is found between stroke type and the percentage of
patients with increased fibrinogen level. Despite the lack of a significant relation, we should mention the following trend: The highest percentage of patients with increased fibrinogen (>4g/l) is observed in strokes from undetermined cause followed by patients with atherosclerotic stroke, lacunar stroke,
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3.
2.

3.

4.

cardioembolic stroke, and stroke from another designated cause. This trend
is important because it corresponds with the findings regarding hs-CRP.
No significant relation is found between fibrinogen levels and neurological
deficit (NIHSS).
A positive linear relationship is established between fibrinogen and the blood
sample time. The highest fibrinogen level, exceeding the upper limit is observed in the period> 120-240 hours.
A negative relation is established between the evolution of ischemic stroke
patients and fibrinogen level. Patients who have deteriorated show the highest levels, exceeding the upper limit. Patients with improvement show the
lowest mean fibrinogen level, within the normal range.
We found weak but significant relation between fibrinogen level and the
presence of ischemic lesions. In the present sample, patients with fibrinogen
level> 3.41g/l show a 3.29 times increased risk of ischemic lesions.

Summary of the results - correlation analysis
1. The acute phase indicator hs-CRP shows positive linear relation with fibrinogen and leukocytes, and lack of relation with ICAM-1, VCAM-1, hematocrit and platelets.
2. No significant relation is found between serum levels of ICAM-1 and
VCAM-1, fibrinogen, leukocytes, hematocrit and platelets.
3. No significant relation is found between serum levels of VCAM-1, fibrinogen, leukocytes, hematocrit and platelets.
4. Fibrinogen shows significant relation with leukocytes and platelets and lack
of relation with hematocrit.
Summary of the results - predictors of stroke
In the section regarding hs-CRP, we have found that only on the basis of
hs-CRP we can predict ischemic stroke with 63% precision and absence of
stroke with 81% precision. The accuracy of the prognosis increases when cases
with increased fibrinogen level, atrial fibrillation and increased VCAM-1 levels
are considered. When all four predictive variables are included, the precision
increases to 85% for true positive findings, 89% for true negative ones, and
87% overall. The results of the linear regression can be used in the diagnosis,
monitoring and prognosis of patients at risk of ischemic stroke. Increased levels
of hs-CRP, fibrinogen and VCAM-1 and presence of atrial fibrillation are reliable predictors of a real risk of ischemic stroke.
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Conclusions
1. Hs-CRP and fibrinogen are reliable serum markers whose increased serum
concentrations are associated with the presence of atherosclerotic plaques in
the carotid arteries, regardless of plaque type and degree of arterial stenosis.
2. There is no relation between CAM (ICAM-1 and VCAM-1) and carotid atherosclerosis.
3. No relation is observed between the serum levels of hs-CRP, ICAM-1,
VCAM-1 and fibrinogen and the different types of atherosclerotic plaques
determined by ultrasound and magnetic resonance diagnostic methods.
4. Hs-CRP, fibrinogen and VCAM-1 are reliable serum markers, characterizing
inflammatory processes in acute stages of ischemic stroke.
5. In the acute phase of cerebral strokes, serum concentrations of hs-CRP, fibrinogen and VCAM-1 have higher values.
6. The serum levels of hs-CRP and fibrinogen show similar activity to the various pathogenetic mechanisms of ischemic strokes determined by the TOAST
classification.
7. In the acute stage of ischemic stroke, a positive correlation is found between
the serum levels of hs-CRP and VCAM-1 and the degree of neurological
deficit.
8. Serum levels of hs-CRP and fibrinogen show some predictive function with
regard to short term clinical evolution in patients with ischemic stroke.
9. The presence of atrial fibrillation in conjunction with elevated serum levels
of hs-CRP, fibrinogen and VCAM-1 are reliable predictors of a real risk of
ischemic stroke.
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Contributions
Scientific - theoretical
1. For the first time in Bulgaria the importance of serum markers - fibrinogen,
hs-CRP, sICAM-1 and sVCAM-1 in carotid atherosclerosis is determined.
2. For the first time in Bulgaria, different diagnostic approaches (laboratory and
imaging) are used simultaneously to characterize carotid atherosclerosis.
3. For the first time in Bulgaria the importance of serum markers - fibrinogen,
hs-CRP, sICAM-1 and sVCAM-1 in ischemic cerebral stroke is determined.
4. Analysis on the significance of various predictors related to the real risk of
acute ischemic stroke is performed.

Scientific - applied
1. A specific 3 T Magnetic resonance imaging protocol of carotid
atherosclerosis has been developed by a multidisciplinary team.
2. Different imaging modalities (ultrasound and magnetic resonance imaging)
are compared for the purpose of noninvasive morphological characterization
of the carotid atherosclerotic plaque.
3. Specific serum levels of hs-CRP and fibrinogen, associated with an increased risk of acute ischemic stroke, are identified.
4. Specific serum levels of hs-CRP, VCAM-1 and fibrinogen, associated with
an increased risk of developing early ischemic CT changes in the acute stage
of stroke, are identified.
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