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The Role of Inflammatory Biomarkers in the
Assessment of Coronary Artery Disease

Patricia Napoledo! et al.”
TUnidade de Biologia Microvascular e Inflamacio, Instituto de Medicina Molecular,
Portugal

1. Introduction

Coronary artery disease (CAD) is the world’s leading cause of illness and death. In 2005,
approximately 7.6 million deaths were attributed to coronary artery disease, accounting for
almost 13% of the total deaths (WHO, 2011). From a pathophysiological point of view the
disease could be considered as a severe clinical manifestation of atherosclerosis (Mallat &
Tedgui, 2001). The disruption of an atherosclerotic plaque with superimposed thrombosis
had been identified as the main cause of acute coronary syndromes, including acute
myocardial infarction (AMI), and sudden death (Gensini & Dilaghi, 2002; Shah, 2003).

The initially silent progression of arterial plaque, prompted by classic risk factors (including
hypertension, diabetes mellitus, dyslipidaemia, age, stress, physical inactivity, dietary habits
and cigarette smoking), is followed by a phase of acute or chronic progression toward an
increasing degree of stenosis that eventually causes thrombosis (Gensini & Dilaghi, 2002;
Fuster et al., 2005). Plaque disruption and/or endothelial activation represent the main
trigger event for AMI, through exposure of plaque thrombogenic components to platelets
and to clotting components of flowing blood. In this phase, haemostasis related risk factors
and platelet status play a crucial role. However, current research supports the view of
atherosclerosis as an inflammatory process that initiates and promotes lesion development
to the point of acute thrombotic complications and clinical events. Thus, the time has come
to embrace inflammation as a common pathway for atherogenic risk factors and for
providing new opportunities for therapeutic intervention (Libby, 2003).

Acute myocardial infarction is a critical clinical presentation of coronary artery disease in
many asymptomatic patients and often the event is fatal. Establishing the presence of
coronary lesions either in asymptomatic patients or in symptomatic patients with acute or
chronic chest pain can be a challenging task. Consequently, major clinical research efforts
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have been dedicated to the identification of patients at higher risk and to the diagnosis of
coronary artery disease.

Angiography remains the undisputed standard in interventional cardiology. Succeeding
breakthroughs for cardiac imaging from every branch of radiology technology offer
remarkable views and are providing new insights into coronary pathology. Although
angiography is a first-line test for coronary artery disease, particularly for screening
symptomatic patients, the evaluation of asymptomatic individuals currently relies on the
identification of risk factors (e.g., hypertension, dyslipidaemia, diabetes mellitus, stress and
smoking habits) (Conroya et al., 2003; Kotecha et al., 2010). However, neither the absence of
high-grade stenosis provided by imaging modalities such as angiography assure the lack of
future cardiac events, nor the cardiovascular events are readily explained by cardiovascular
risk factors (Fisher et al., 2000; Kern, 2000; Hadamitzky et al., 2009; Marwan et al., 2009). The
understanding of the cellular biology of the unstable plaque remains poorly known, and the
crucial question is still the identification of the factor(s) that play a significant role in the
plaque disruption.

Rupture of atherosclerotic plaque has been identified as the proximate event in the majority
of cases of acute ischemic syndromes. Plaque rupture exposes thrombogenic components of
the plaque, activating the clotting cascade and promoting thrombus formation. Future
culprit lesions are difficult to identify, however, and angiographic assessment of stenosis
severity is prone to underestimation. Compared with plaques that cause severe luminal
stenosis, vulnerable plaques may cause relatively minor stenosis, although they account for
more cases of rupture and thrombosis. Such unstable, vulnerable plaques may be associated
with outward remodeling of the vessel. Because severely stenotic plaques are more likely to
stimulate collateral circulation to the post-stenotic segment, plaque rupture and thrombosis
at such sites may be clinically silent. Characteristic histomorphologic features of vulnerable
plaques include a high lipid content, increased number of inflammatory cells, and extensive
adventitial and intimal neovascularity. These cells are mostly monocyte-macrophages and
they are probably recruited into the atherosclerotic plaques by adhesion molecules,
especially intracellular adhesion molecule (ICAM)-1 and P-selectin, and chemokines such as
monocyte chemoattractant protein (MCP)-1. Another potential avenue for the entry and
recruitment of inflammatory cells inside the atherosclerotic lesion may be through the
adventitial neovasculature, which is enhanced in atherosclerosis. In addition, other factors
that may contribute to the recruitment of inflammatory cells and their activation in
atherosclerosis include oxidized lipids, cytokines such as tumor necrosis factor alpha (TNF-
a), increased angiotensin II activity, elevated arterial pressure, diabetes, chronic infections
remote from the arterial wall, possible infectious organisms in the vessel wall and activation
of the immune system (Shah, 2003). In addition, interaction between inflammatory cells,
vascular smooth muscle cells, endothelial cells and extracellular matrix may contribute to
the development of plaque and its rupture. TNF-a, mainly secreted by macrophages,
influences many aspects of atherosclerosis by increasing the permeability of endothelial
cells, promoting monocyte adhesion, inducing macrophage differentiation and probably
promoting vascular calcification (Trion & van der Laarse, 2004). The calcification of arteries
resembles the bone formation (Trion & van der Laarse, 2004). Activated monocytes produce
TNF-a and other osteoinductive factors that stimulate the differentiation and mineralization
of cardiovascular cells (Trion & van der Laarse, 2004).
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New approaches claim that measurements of carotid intima-media thickness or coronary
artery calcium obtained by non-invasive techniques can be used to identify vulnerable
patients at a time when risk factor modification can slow or stop the atherosclerotic process.
Nevertheless, the uncertainty about the functional significance of these markers in the
unstable plaque context has not yet been overcome. The crucial questions still are the
identification and characterization of the vulnerable plaque in hopes of identifying
morphologic and physiological features that predict plaque rupture.

An increase body of literature associates plaque rupture with inflammatory mediators, such
as tissue factors, cell adhesion molecules and cytokines, expressed by vascular and immune
cells (Shah, 2003; Fuster et al., 2005; Mauriello et al., 2005; Armstrong et al., 2006a).

White blood-cell count (WBC), the most widely available and inexpensive measure of
systemic inflammation has been associated with cardiovascular mortality both in primary
and secondary prevention settings. In apparently healthy individuals, a high white blood-
cell count has been associated with increased cardiovascular mortality and incidence of
cardiovascular disease, independently of traditional atherosclerotic risk factors (Folsom et
al., 1999; Margolis et al., 2005; Shankar et al., 2007). In a study of patients with acute coronary
syndromes, higher baseline white blood-cell counts were associated with greater extent of
coronary artery disease, lower thrombolysis in myocardial infarction (TIMI) flow and
myocardial perfusion grades during coronary angiography in addition to a higher 6-month
mortality independently of other risk factors including ST-segment deviation and troponin
levels (Sabatine et al., 2002a). A high neutrophil count and a low lymphocyte count may
carry most of this increased risk, as reported for patients assessed for coronary artery
disease by coronary angiography (Horne et al., 2005).

Thus, for prognostic purposes, clinicians have focused on white blood-cell, neutrophils or
downstream products such as C-reactive protein (CRP). Neutrophils, however, live only for
hours and generate no memory of their engagement, which is carried out through inherited
receptors that are similar in all hosts, while lymphocytes are long-lived cells that can survive
for decades, and the lymphocyte repertoire is tailored for each individual. When mobilized
in immune responses, lymphocytes undergo clonal burst, differentiate into distinct types of
effector cells, and memorize information about the antigen (Bodi et al, 2008). Little is known
regarding the role of lymphocytes, which play an important role in the control of the
inflammatory system and in the pathophysiology of coronary disease (Bodi et al, 2008).
Several studies had demonstrated that the adaptative immunity plays an important role in
the pathogenesis of coronary artery disease (Blum & Yeganeh, 2003; Methe et al., 2005; Han
et al., 2007; Packard et al., 2009; Hansson, 2009). In the culprit lesions of patients with acute
coronary syndromes the percentage of activated T lymphocytes is significantly increased,
and experimental results (Caligiuri et al., 2000) suggest the existence of antigenic stimuli in
these lesions. These findings lead to the paradigm that the transition from a stable to an
unstable plaque includes immunological activation and may be T cell-dependent (Steppich
et al., 2007).

The interactions between leucocytes, activated platelets and activated endothelial cells,
mediated by P-selectin, E-selectin and ICAM-1 whose soluble forms can be released in
circulation, associate with the initiation of arterial thrombus (Price & Loscalzo, 1999). The
expression of ICAM-1 in activated endothelial cells and of P-selectin in activated platelets,
seems to have key roles in binding and rolling of leukocytes along the activated
endothelium, and in platelet aggregation and platelet-leukocyte adhesion.
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The majority of soluble P-selectin appears to be derived from activated platelets, as its levels
are correlated with other established platelet markers but not with endothelial markers
(Price & Loscalzo, 1999). Stimulated platelets and immune cells express membrane proteins,
such as integrins, CD40 and its ligand (CD40L) (Henn et al., 2001), and eventually secrete
products with pro-inflammatory properties, such as TNF-a, and also soluble forms of
adhesion molecules. Clinical data relating soluble P-selectin, ICAM-1 and TNF-a to
coronary disease are limited and have been derived primarily from randomized clinical
trials, cross-sectional or retrospective studies in patients with acute coronary syndromes.
While, increased levels of soluble P-selectin have been consistently associated with acute
coronary syndromes (Ridker et al., 2001), the measurement of sICAM-1 is not consensual.
Prolonged high levels of sICAM-1 were associated with unstable angina and acute
myocardial infarction (Mulvihill et al., 2000), although a stronger predictive information for
sICAM-1 could not be found (Haim et al., 2002; Hartford et al., 2006). Increases in TNF-a and
in some of its soluble receptors were related to primary cardiovascular events and to
mortality in heart failure subsequent to myocardial infarction (Ponthieux et al., 2004;
Valgimigli et al., 2005).

C-reactive protein is a down-stream marker of inflammation produced in the liver. Its
production appears to be regulated, during the acute phase response, by several cytokines,
including TNF-a (Calabro et al., 2009). Though it was originally proposed as a nonspecific
marker of inflammation, several reports suggest that CRP may play a direct
pathophysiological role in the development and progression of atherosclerosis. Proposed
mechanisms include induction of endothelial dysfunction, promotion of foam cell
formation, inhibition of endothelial progenitor cell survival and differentiation, and
activation of complement in atherosclerotic plaque intima and ischemic myocardium
(Armstrong et al., 2006b). CRP is a robust clinical marker because of its stability,
reproducible results, and ease of assay (Armstrong et al., 2006b). An increasing variety of
literature has been propose CRP as a major cardiovascular risk factor. Elevated baseline
concentrations of this acute phase-protein are associated with the risk of atherosclerotic
events in general populations (Calabro et al., 2009) and show a predictor value in terms of
cardiovascular risk associated with both primary and secondary prevention of coronary
artery disease (Ikonomidis et al., 2008).

Although a great pool of information concerning systemic inflammation markers has been
so far collected in different cardiovascular conditions, the evolution of coronary syndromes
is not well depicted.

An approach with multiple inflammatory markers might be of interest since different
markers may enhance or initiate different and not always overlapping inflammatory
pathways, leading to atherosclerosis and cardiac events and may indicate different stages of
disease (Ikonomidis et al., 2008). Therefore, the relationship of inflammatory molecules and
cells with the coronary disease severity and extension, and with the physiological response
of the cardiovascular system may evidence the underlying mechanisms of inflammation
responsible for plaque instability.

The main objective of this study was to investigate several inflammatory markers in
coronary artery disease. The circulating levels of CRP, sP-selectin, SICAM-1, TNF-a, and
inflammatory blood cells were assessed as they express cell adhesion, cell activation and
inflammation processes which are crucial in thrombosis and secondary tissue remodelling
as the cause of ischemia and necrosis.
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This combined evaluation in a well-defined group of patients that had undergone
angiography to precisely define coronary artery phenotype, may reveal the relevant roles of
those markers in coronary disease and in the processes involved in lesion vulnerability.

2. Materials and methods

2.1 Study groups

To achieve the proposed objective it is necessary to unveil the effect of coronary occlusion,
ischemia, and necrosis. Therefore, patients with different stages of coronary artery disease
were included in the study.

A total of 177 subjects (53 women and 124 men) were recruited at the Cardiology Service in
Santa Marta Hospital (Lisbon, Portugal).

Among them, 65 patients with acute myocardial infarction constituted the acute myocardial
infarction (AMI) group. Those patients were diagnosed with ST-elevation myocardial
infarction (ST-element changes and creatine kinase >3 times normal; n=56) or non-ST-
elevation myocardial infarction (creatine kinase >3 times normal and without ST-element
changes; n=9). All AMI patients were enrolled in the first 24 hours of hospital admission,
and were submitted to primary percutaneous transluminal coronary angioplasty as
reperfusion therapy. The time period from the onset of chest pain to the intervention was
less than 9 hours for the majority of AMI patients.

Fifty-five patients with angiographically confirmed coronary artery disease suffering from
chest discomfort, were also enrolled in the study and constituted the CAD group.

A coronary control group (CC) was established. This group was constituted by twenty-nine
age-matched patients with chest discomfort complain but without coronary artery disease
confirmed by coronary angiography.

A reference group (REF) of 26 healthy non-smoking volunteers was also established to help
on inflammation baseline interpretation. Inclusion criteria for reference controls was absence
of any history of coronary disease, dyslipidaemia or hypertension, any mobility limiting
conditions, life threatening diseases, or any other disease or condition that would impair
compliance. These 26 volunteers were not submitted to coronary angiography.

Informed consent was obtained for all subjects enrolled, and the study was approved by the
local Ethical Committee.

2.2 Criteria used for patient’s selection

Exclusion criteria were age above 85, significant co-morbidities as peripheral artery disease
or carotid artery disease, known antecedents of malignance or infectious diseases, chronic
renal insufficiency and previous myocardial infarction in the last 5 years. Concurrent
inflammatory disorders, malignant neoplasm or infection were also excluded.

All patients were clinically and biochemically characterized, by a battery of systemic
indicators.

The patients” characterization was accomplished with anthropometric data (body mass
index, waist perimeter and blood pressure) and biochemical data consisting of a battery of
systemic indicators, such as glucose, haematocrit, albumin, triglycerides, total cholesterol,
cholesterol of LDL and HDL. The cardiac function enzymes creatinine kinase and cardiac
troponin T (cTnT) were also determined, and ventricle electrolytic regulation assessed by
the determination of N-terminal pro B type natriuretic peptide (NT-proBNP).
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Furthermore, detailed in-hospital data was registered, including: demographic (such as age
and sex), and coronary risk factors data (such as, smoking, previous diagnostic of diabetes
mellitus, hypertension and hyperlipidaemia) and personal history and family history of
coronary artery disease. Current, in-hospital and after angioplasty medication was also
recorded: insulin or other anti-diabetic drugs; antiplatelet and anti-aggregant drugs, such as
aspirin, clopidrogel or glycoprotein IIb/IIla receptor antagonists; 3-blockers; ACE inhibitors
and statins.

2.2.1 Definition of risk factors, clinical signs and syndromes

Diabetes was diagnosed on the basis of fasting plasma glucose concentration >7.0 mmol/1
(126 mg/dl) or 2-h plasma glucose >11.1 mmol/l (200 mg/dl) or confirmed as clinically
known and treated diabetes mellitus. Subjects were diagnosed hypertensive if they were
documented to have systolic blood pressure >140 mmHg and/or diastolic blood pressure
>90 mmHg or were already on anti-hypertensive therapy. Dyslipidaemia was identified in
subjects who had been given lipid-lowering medication or having total serum cholesterol
level 2190 mg/dl or serum triglycerides >180 mg/dl.

Smoking was defined as the inhaled use of cigarettes, cigars or pipes in any quantity.
Subjects who smoked within the previous 1 year were also defined as smokers.

Several inflammatory markers such as white blood-cell count, CRP and TNF-a levels have
been extensively associated with cardiovascular disease risk (Ikonomidis et al., 2008). In fact,
several studies established cut-off values associated with cardiovascular risk and to the
occurrence of adverse cardiovascular events for these biomarkers (Sabatine et al., 2002a;
Sabatine et al., 2002b; Grau et al., 2004; Ridker & Cook, 2004; Ikonomidis et al., 2005; Ridker et
al., 2005).

Based on these documented limits values, we establish risk classes for white blood-cell
count, CRP and TNF-a levels. For the white blood-cell counts the cut-off value (low/high
risk) considered was >10.1x10°/1 (Sabatine et al., 2002a; Grau et al., 2004). The classes of
cardiovascular risk associated to CRP were considered as low and high risk based on the
cut-off value of 23 mg/dl (Sabatine et al., 2002b; Ridker & Cook, 2004; Ridker et al., 2005).
Finally, for the TNF-a concentrations the cut-off value considered for low/high risk was
>3.61 pg/ml (Ikonomidis et al., 2005).

2.2.2 Angiographic data

AMI and CAD patients were clinically characterized for the extension of coronary artery
disease through the characterization of lesion morphology data to define the coronary stenosis,
the number of diseased vessels, flow characteristics of responsible vessel such as the
thrombolysis in myocardial infarction (TIMI) risk score (from 0-3 referring to the levels of
coronary blood flow assessed during coronary angiography), lesion length and the presence of
calcium and/or thrombi in the lesions. The number and type of stents (bare metal or drug
eluting stent) positioned in patients undergoing coronary angiography were also recorded.

A coronary stenosis was considered clinically significant (high-grade) above 70% narrowing
in the luminal diameter. Multivessel disease was defined when more than one major
coronary artery presented high-grade stenosis. Patients were classified according to the class
of stenosis based on TIMI risk score: TIMI 3 - patients having normal flow and complete
perfusion; and TIMI < 3 - patients with some degree of occlusion. In the later the TIMI
scores considered were TIMI 2 for flow partial perfusion and TIMI 0 for no perfusion.
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Additionally, patients were divided into 2 subgroups according to the lesion length using a
cut-off of 15 mm. Small lesions were considered <15 mm and large lesions >15 mm.

2.3 Study protocol

A longitudinal study was carried out in the AMI patients. Patients were assessed at hospital
admission before the administration of IIb/Illa inhibitors and coronary angioplasty
intervention, 2 and 40 days after the initial intervention. At these three time-points
biochemical parameters and circulating inflammatory markers were measured. CAD and
CC patients were only assessed at hospital admission before percutaneous intervention.

2.4 Blood sampling and laboratory assays

Blood samples were drawn from all patients into pyrogen-free blood collection tubes
without additives and immediately centrifuged (2500 rpm for 10 minutes). The serum was
collected after centrifugation and aliquots were stored at -80°C until analysis. Sample
storage period did not exceed 6 months. Samples were thawed only once.

Lipid profile, glucose levels, albumin, creatinine kinase, troponin T, NT-proBNP, blood cells
count and levels of high-sensitivity CRP were routinely measured on hospital.

Soluble concentrations of ICAM-1 and P-selectin were measured by enzyme-linked
immunosorbent assays (ELISA) commercial kits (R&D Systems, Minneapolis, USA). The
concentrations of TNF-a were assessed using a commercial available high sensitivity ELISA
(R&D Systems, Minneapolis, USA). All the assays were performed on serum according to
the manufacturer’s recommendations. Each sample was measured in duplicate; the intra-
assay variation among the duplicates for all samples was <10%.

2.5 Statistical analysis

Data were summarized as mean and standard deviation (SD) or median and quartiles for
continuous variables and as proportions for categorical variables. Non-continuous variables
were analysed using a 2x2 table and 2 test. Differences between the four study groups were
compared using a general linear model analysis of variance (ANOVA) followed by post hoc
procedures (Tukey and Scheffé tests) to identify differences. ANOVA adequacy was
weighted by checking the variance homogeneity using Levene’s test and by verifying the
significance of F distribution with the Welch statistics. For the variables white blood-cell,
neutrophils, lymphocytes and monocyte counts, sP-selectin, sICAM-1, CRP, total
cholesterol, LDL-cholesterol, triglycerides, glucose, troponin T and NT-proBNP the
homogeneity of variance was not reached, thus variables were logarithmic transformed
before performing ANOVA analysis.

Associations between inflammatory mediators, and with risk factors, co-morbidities and
angiographic data were evaluated using non-parametric Spearman correlations.

The study of the repeated measures of inflammatory parameters in AMI patients through
time requires specific statistical methods as common analysis of variance or non-parametric
correlations are inappropriate. The inflammatory parameters and mediators, CRP, sP-
selectin, SICAM-1, TNF-a, and blood cell counts, were measured in day O at hospital
admission before percutaneous transluminal coronary angioplasty, and repeated at day 2
and day 40 after the initial percutaneous transluminal coronary angioplasty in the same
patient. Consequently, the observations are inter-correlated and classical statistical
techniques do not account for this type of variability. For that reason, a non-linear regression
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algorithm that accounts for the effect of repeated measures was applied, the linear mixed
effects model. The procedure of lineal mixed effects models the concentrations of the
inflammatory markers measured through time considering that measures for each patient
were not independent (Twisk, 2006). Using this algorithm the concentrations of the
inflammatory parameters CRP, sP-selectin, SICAM-1, TNF-a)) and blood cell counts can be
modelled as a response variable on time. This statistical model describes the longitudinal
variations of each patient for each variable by calculating slopes and averages of the
variables in each time point. Therefore, it allows to estimate the differences in average slopes
between baseline (day 0) and the other time points, giving a measure of the variation of each
blood marker over time. In order to apply the lineal mixed effects model, variables should
comply with normality distribution. A logarithm transformation was used for the variables
CRP, sICAM-1, white blood-cell, neutrophil and lymphocyte counts, while a square root
transformation was used for monocyte counts, sP-selectin and TNF-a.

Values of p<0.05 (two-tailed) were considered statistical significant.

The calculations were performed using SPSS (version 19.0) and R (version 2.11.1) software.

3. Results

3.1 Demographic and clinical characteristics of the study groups

The demographic characteristics and clinical features of the study groups including risk
factors, co-morbidities and previous-event medication intake are summarized in Table 1.
The age of subjects enrolled ranged between 27 and 81 years, having the three groups
matching ages. There were no significant differences between AMI, CAD and CC subjects in
body mass index (BMI), waist perimeter and blood pressure, except for sex ratio. As can be
inferred from Table 1, AMI patients were mostly men (80%), while in CAD and CC groups
the percentage of the masculine gender decreased (70% and 60%, respectively). The three
groups also had similar prevalence of risk factors as diabetes, dyslipidaemia and
hypertension, however smoking was more frequent in AMI patients.

Since coronary disease risk factors and co-morbidities were exclusion criteria in REF group
selection, these subjects were not considered in this comparison.

CcC CAD AMI
(n=29) (n=55) (n=65)
Sex, f/m 13/16 18/37 15/50
Age (y) 60+9 6449 61+15
Body mass index (kg/m?) 2946 2743 27+4
Waist perimeter (cm) 100+13 9849 94+17
Systolic blood pressure (mm Hg) 140420 152423 125422
Diastolic blood pressure (mm Hg) 77%10 78410 73%15
Risk factors and co-morbidity
Hypertension, n (%) 19 (66) 35 (63) 42 (64)
Smoking, n (%) 3 (10) 6 (11) 33 (50) ab
Dyslipidaemia, n (%) 21 (72) 34 (61) 38 (58)
Diabetes, n (%) 7 (24) 16 (24) 12 (21)
Family history of CAD, n (%) 1(3) 12 (21) 9 (14)

Table 1. Clinical characteristics of the studied groups.
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Values are expressed as meantSD, except otherwise indicated. @ p<0.05 vs CTR group; b
p<0.05 vs CAD group.

Medication intake in AMI group had also into account the medication before hospital
admission and the in-hospital and follow-up treatments. There were no significant
differences in the use of pre-event medication in AMI patients and patients with CAD or CC
subjects (Table 2).

CC CAD AMI
(n=29) (n=55) (n=65)
Previous-event medication
Aspirin, n (%) 9 (31) 23 (41) 20 (30)
ACE-inhibitor, n (%) 9 (31) 20 (36) 23 (35)
B-blockers, n (%) 7 (24) 15 (27) 11 (17)
Statins, n (%) 13 (45) 17 (48) 19 (29)

Table 2. Pre-event medication in the studied groups.

After admission, in-hospital medication for the AMI patients included aspirin (59%), B-
blockers (52%), angiotensin-converting enzyme (ACE)-inhibitors (55%), statins (12%) and
antiplatelet inhibitors (79%). During follow-up 80% of patients took antiplatelet inhibitors
(clopidogrel and aspirin) in addition to the previous medication referred above.
Furthermore, in the course of the angioplasty, stents were implanted in 86% of the patients,
being 29% drug-eluting stents.

cC CAD AMI
(n=29) (n=55) (n=65)

Total cholesterol (mg/dl) * 1 481?5200) (1331?8205) (1581?1230)
LDL-cholesterol (mg/dl) * (85. 81 1_1 136) (82. 3 (12129) (1031%8149)
HDL-cholesterol (mg/dl) * (3124 ? 50) (354_250) (313_847)
Triglycerides (mg/dl) * ( 651—01137) (681—041130) (591—2%54)
Haematocrit (%) (364—043) (363—942) (374—044)
Glucose (mg/dl) * (951—1128) (941_1 534) (1161 ?9202)
Albumin (g/dl) (3_48 _7 %-90) (3.2?)'? 2.00) (3.18 il 2.70)
Troponin T (ng/ml) <0.01 ** <0.01 ** (0883% ;’%74)
NT-proBNP (pg/ml) (40 711 26) (521_0535) (13277-5 ;gso)

Data are expressed as median and quartiles (lower quartile-upper quartile). * not compared (see text); **
values below detection limit; 2 p<0.05 vs CC group; » p<0.05 vs CAD group.

Table 3. Biochemical data of the studied groups.
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Concerning biochemical data (as listed in Table 3) AMI patients at admission had high levels
of troponin T and NT-proBNP. Lipid and glucose data obtained could not be directly
compared as fasting-blood tests were only performed for REF individuals.

3.2 Angiographic features

Of the 151 subjects submitted to angiography (CC, CAD and AMI groups), 29 subjects (19%)
had at least one episode of chest pain previous to the coronary angiography, whereas 122
(81%) were asymptomatic.

Lesion morphology data, based on angiography, in AMI and CAD patients was obtained for
94 patients (77%), for the remaining patients those data were not possible to be obtained
from the hospital registries.

Multivessel disease was found in a total of 42 patients (45%). Analysis of angiographic
complexity of the diseased vessels showed impaired flow (TIMI <3) in 44 patients (54%),
and large lesions (>15 mm) also in 44 patients.

From all the patients analysed, it was possible to detect the presence of calcium within the
lesions in 14 patients (13%) and the presence of thrombi in 25 patients (24%).

The resume of the angiographic data for the CAD and AMI patients is listed in Table 4.
Comparing the morphologic data of patients from the CAD and AMI groups, it is possible
to verify that an impaired flow (TIMI <3) is more frequent in AMI patients than in CAD
patients. Furthermore, AMI patients had more often thrombi in the lesions than the CAD
patients (Table 4).

CAD AMI

Multivessel disease, n (%) 15 (42) 27 (47)
TIMI

TIMI 0, n (%) 2(8) 32 (58)

TIMI 1, n (%) 2(8) 3 (5)

TIMI 2, n (%) 1(4) 4 (7)

TIMI 3, n (%) 21 (81) 16 (29)
Impaired flux TIMI <3, n (%) 5 (19) 39 (71) a
Lesion length
Small lesions, n (%) 11 (44) 18 (56)
Large lesion, n (%) 14 (38) 30 (63)
Lesions with calcium, n (%) 9 (20) 5(8)
Lesions with thrombi, n (%) 2(5) 23 (38) @

Data are expressed as number and percentages. 2 p<0.05 vs CAD group.

Table 4. Angiographic data of the patients studied.
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3.3 Inflammatory mediators

The blood cell counts and concentration level of inflammatory mediators for the studied
groups are presented in Table 5.

REF cC CAD AMI
(n=25) (n=29) (n=55) (n=65)
Blood cell count
White blood-cells 5.36 6.81 6.32 11.3 abe
(x109/1) (5.06-6.26) | (5.74-856) | (5.39-7.88) | (7.69-13.9)
3.00 3.54 4.082 8.34 abe
1 9
Neutrophils (x10°/1) (249-359 | (3.20-419) | (2.94-4.95) | (5.61-112)
2.02 2.03 1.77 1.54
9
Lymphocytes (x10°/1) (171-226) | (1.69-332) | (1.38-230) | (1.24-2.24)
0.37 0.42 0.50 0.60 abe
9
Monocytes (x10°/1) (0.28-051) | (028-0.58) | (0.34-0.67) | (0.42-0.81)
Inflammatory markers
0.66 0.43 0.69 2
*%
CRP (mg/dl) <032 (031-0.74) | (0.18-1.29) | (0.34-1.39)
0.37 117 1.57a 1.57a
TNF-o (pg/ml) 012-1.14) | (0.73-2.26) | (0.75-2.69) | (0.57 -2.47)
. 84 684 534 83
sP-selectin (ng/ml) (93 - 119) (41 - 83) (42 - 82) (54 - 116)
214 247 220 248
SICAM-1 (ng/ml) (190 - 246) (204-316) | (200-237) | (218 -258)

Data are expressed as median and quartiles (lower quartile-upper quartile). ** values below detection
limit; @ p<0.05 vs REF group; b p<0.05 vs CC group; ¢ p<0.05 vs CAD group.

Table 5. Inflammatory mediators in the four study groups.

The results revealed that the circulating counts of white blood-cells and neutrophils in AMI
patients at hospital admission were increased relative to the other groups (REF, CC and
CAD). Monocyte counts were also increased in AMI patients relative to a normal baseline
situation (REF group). The circulating levels of CRP and TNF-a also showed the same trend
(Table 5). Furthermore, in CAD patients the neutrophils counts and the TNF-a
concentrations were also increased in comparison to REF subjects (Table 5).

Opposite, the concentrations of sP-selectin were significantly decreased in CAD and CC
subjects in comparison to the REF subjects (Table 5).

The relationships of white blood-cells, neutrophils, monocytes, lymphocytes counts,
inflammatory mediators (CRP, TNF-a, sP-selectin and sICAM-1) and cardiac markers (NT-
proBNP and troponin T) concentrations, were assessed using non-parametric Spearman
correlations. Several significant associations were found.

Relevant positive correlations were verified between CRP and ICAM-1(r=0.415, p<0.001),
neutrophil (r=0.378, p<0.001) and monocyte counts (r=0.437, p<0.001). sSICAM-1 also showed
positive associations with white blood-cell counts (r=0.342, p=0.004) and TNF-a
concentrations (r=0.415, p<0.001).

www.intechopen.com



Coronary Angiography
292 - Advances in Noninvasive Imaging Approach for Evaluation of Coronary Artery Disease

Apart from the relationship between the number of neutrophils and monocytes in blood
(r=0.464, p<0.001), neutrophils and monocytes were also associated to the levels of cardiac
function markers troponin T and NT-proBNP (r=0.526 and r=0.315, p<0.001, respectively for
neutrophils; and r=0.438 and r=0.356, p<0.001, respectively for monocytes). CRP was also
significantly associated to the levels of troponin T and NT-proBNP (r=0.626 and r=0.470,
p<0.001, respectively).

Given the importance of risk factors and co-morbidities in the disease evolution,
hypertension, dyslipidaemia, smoking habits and diabetes were also tested for Spearman
correlations with inflammatory markers. Relevant correlations were only verified for sP-
selectin and sICAM-1 with cardiovascular risk factors. sP-selectin showed a negative
correlation with hypertension (r=-0.379, p<0.001) and a positive correlation with smoking
(r=0.381, p<0.001). Furthermore, sICAM-1 was also positively associated to smoking
(r=0.373, r<0.001).

Importantly, levels of P-selectin were also negatively associated with age (r=-0.399, p<0.001).
In fact, subjects with age above 65 had lower levels of sP-selectin (55 ng/ml) compared to
younger (<65 years) subjects (78 ng/ml).

As mentioned previously the enrolled subjects were classified in risk classes white blood-
cell count, CRP and TNF-a levels. The frequency of each class in the studied population is
resumed in Table 6.

cc CAD AMI Total
Population

WABC risk score

Low risk (10.1x109/1), n (%) 28 (97) 50 (89) 24 (36) 127 (72)

High risk (>10.1x10%/1), n (%) 1(3) 1(2) 33 (50) 35 (20)
CRP risk score

Low risk (<3 mg/dl), n (%) 22 (76) 38 (68) 51 (77) 135 (76)

High risk (=23 mg/dl), n (%) 1(3) 3 (5) 5 (8) 9 (5)
TNF-a risk score

Low risk (>3.61 pg/ml), n (%) 19 (66) 20 (36) 35 (53) 89 (72)

High risk (=3.61 pg/ml), n (%) 3 (10) 2(4)a 4 (6) 9(5)a

Data are expressed as number and percentages.

Table 6. Distribution of the enrolled subjects in the white blood-cell (WBC), CRP and TNF-a
risk classes.

3.3.1 Longitudinal variations

The blood cell counts, the concentrations of inflammatory mediators and other biochemical
markers, in AMI patients assessed at hospital admission, 2 and 40 days after percutaneous
transluminal coronary angioplasty intervention are presented in Table 7.

In the overall an increasing trend of the measured concentrations of SICAM-1 and TNF-a
through time was observed, while a decreasing one was observed for white blood-cell and
neutrophil counts. Monocyte counts and CRP concentration showed an initial increase. To
assess the significance of these changes through time a regression model (linear mixed
effects model) was applied. As mentioned before (see section 2.5 Statistical analysis),
appropriate transformations of variables had to be applied. Therefore, the results from the
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AMI patients
Day 0 Day 2 Day 40

Biochemical characterization

Total cholesterol (mg/dl) 1 581 ?1230) (1361 ?2192) (12;4_1 ;80)

LDL-cholesterol (mg/dl) (1031 %81 49) (781—0i22) (7()8_1 ;06)

HDL-cholesterol (mg/dl) (313_8 47) (273_847) (293 ? 11)

Triglyceride (mg/dl) (591_%5 4) (90 ?5110) (791 321&175)

Haematocrit (%) (374_0 44) (343 ? 12) (394% z15)

Glucose (mg/dl) (1161 ?9202) (1021 %1151) (931 (—)21;5)

Albumin (g/dI) (3,18 fl %,70) (3.%3 9_3b50) (3.68 '-9 (31.20)

Troponin T (ng/ml) (0,(())5';?{l 1b,.c74) il .273 (i a:.;O) <0017

NT-proBNP (pg/ml) (13§7_5 113530) (5129)2_4 ;;;5) (35641 1 11(3)2)9)
Blood cell counts

White blood-cells (x10°/1) (716193—129) (6.’;4? ;'5.3) (5.376 ° 87.33)

Neutrophils (x10°/1) (5,86'3 %aibf,z) (4%32_2;7) (3.132'8-2461.85)

Lymphocytes (x109/1) (1.2i ?L;Z 4) (1. 2; _792 51) (1. 5;1 _9 32’ 23)
Monocytes (x10°/1) (0,045(13621) (0%27%&(’;’;1) (0.4(()) 'il ?).58)
Inflammatory markers

CRP (mg/dl) (0.3%6-913.39) (1.35'39-?.;2) (0.33 '?%.70)

TNF-a (pg/ml) (0,517'5_7;,47) (0.751 ? 72.24) (1.062 -1 2.15)

sP-selectin (ng/ml) (54 ?3116) (486—779) (62 ZO103)

sICAM-1 (ng/ml) (2182%8258) (2382 ?1309) (2242?%100)

Data are expressed as median and quartiles (lower quartile-upper quartile). ** values below detection limit;
ap<0.05 vs REF group; ® p<0.05 vs CC group; < p<0.05 vs CAD group (for comparison see Table 5).

Table 7. Biochemical characterization and inflammatory mediators in the AMI patients at the
three time-points: hospital admission (Day 0), two (Day 2) and 40 days (Day 40) after
percutaneous transluminal coronary angioplasty intervention.
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obtained longitudinal models had into account these transformations (as can be observed in
Figures 1 and 2). However, for results considerations purposes those transformations will
not be further mentioned in the text.

The association between white blood-cells, neutrophils, monocytes and lymphocytes and
time were significant (p<0.05) (see Figure 1).

Higher white blood-cell, neutrophil and monocyte counts were observed in the acute phase
of AMI (Table 5). The high white blood-cell and neutrophil counts at admission significantly
decrease in the following weeks (Figure 1A and 1B), reaching values similar to those
observed in CAD patients and in control subjects (Tables 5 and 7).

By the contrary, slightly low lymphocyte counts were observed in the acute phase of
myocardial infarction, although that difference was not significant (Table 5). Those low
levels were maintained after percutaneous transluminal coronary angioplasty (day 2) and
increased with patient’s stabilization (Figure 1C and Table 7).

Monocyte counts reach the highest value at day 2 (Figure 1D), decreasing in the following
days (Day 40). At that time-point, the monocyte counts were similar to the counts verified in
CAD, CC and REF groups (Tables 5 and 7).
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p0.001 p0.001
0.0 : ; : 0.0 ; ; :
Day 0 Day 2 Day 40 Day 0 Day2  Day 40
c 1.04 D 3.07
@ ! =
2 08 ks e
3 z .
5 | —— 2 10
= e = e *
o | 1= e
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on i | W c- F*‘l“:‘(]
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Fig. 1. Longitudinal variations of inflammatory cell counts, white blood-cell (WBC; A),
neutrophils (B), lymphocytes (C) and monocytes (D) in AMI patients at hospital admission,
two (Day 2) and 40 days (Day 40) after percutaneous transluminal coronary angioplasty
intervention. " p<0.05 vs AMI patients at Day 0.

The levels of sP-selectin in AMI patients were characterized by a decrease after PCTA
followed by an increase to day 40 (Figure 2A). The association between sP-selectin and time
was significant (p=0.003). Serum levels of this soluble adhesion molecule at inclusion were

www.intechopen.com



The Role of Inflammatory Biomarkers in the Assessment of Coronary Artery Disease 295

remarkably elevated than 48 h later (p=0.001). After that abrupt decrease, sP-selectin levels
seem to slightly increase, reverting to the levels observed at hospital admission.

An increasing trend of sICAM-1 to day 40 was observed (Table 7) but the association of
sICAM-1 with time was not significant (p=0.085; see Figure 2B).

The levels of CRP were increased in AMI at admission (Table 5), and further increase at day
2 reverting to significantly low levels after 40 days (p<0.05), as verified in Figure 2C. Those
concentration levels were not significantly different from those verified in a normal non-
inflammatory situation - REF group (Tables 5 and 7).

The serum levels of TNF-a increased from day 0 to day 40 (Figure 2D). TNF-a levels were
remarkably elevated through time (p<0.001). TNF-o concentrations were higher at day 2
than at admission (day 0) and continue to increase until day 40 (p<0.001 relative to day 0).

A B
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h
!

1=6.67 | F269
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0

Day0 Day2 Day40 Day0 Day2 Day40

Sqrt (sP-selectin)
Log(sICAM-1)
[
|
|
|
T

@)
| O

0.0

Log (CRP)
Sqrt (TNF-o)

"LO1F=59.18 1 31 F=1041
p=0.001 p<0.001
: ‘ : ).0 - - .

Day0  Day2 Day 40 “"Day0  Day2 Day40
Fig. 2. Longitudinal variations of systemic concentrations of sP-selectin (A), sSICAM-1 (B),
CRP (C) and TNF-a (D) in AMI patients at hospital admission, two (Day 2) and 40 days
(Day 40) after percutaneous transluminal coronary angioplasty intervention. *p<0.05 vs AMI
patients at Day 0.

2.0

3.3.2 Medication influence
To assess the influence of previous-event medication on inflammatory mediators, subjects

that did not take medication before enrolment were compared to the remaining patients that
had prescribed medication. Only sP-selectin and sSICAM-1 concentrations were significantly
affected by the previous-event drug intake (p=0.002 and p=0.014, respectively). Subjects
without pre-event medication had higher levels of these molecules (94+32 ng/ml and
280+96 ng/ml, respectively) than those with prescribed aspirin, ACE-inhibitors, -blockers
or statins (61+22 ng/ml and 235+58 ng/ml, respectively).
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To further evaluate the possible influence of drug therapy in serial changes of the
inflammatory markers, the pre-event, in-hospital and follow-up medication data were
categorized to type (antiplatelet inhibitors, ACE-inibitors, f-blockers and statins) and added
to the linear mixed effects models as co-variables. None of the drugs administered to the
patients before or after admission significantly influenced the neutrophil and monocyte
counts, and the CRP, TNF-a or sSICAM-1 concentrations (data not shown). However, the sP-
selectin variations over time were significantly influenced by pre-event ACE-inibitors
(p<0.001) and B-blockers (p=0.019) intake. Patients that received p-blockers or ACE-inibitors
showed minor serial changes and low levels of sP-selectin opposite to those that were not
taking those drugs. The same trend was verified for the white blood-cell and lymphocytes
counts longitudinal variations with the pre-event and B-blockers (p=0.024 and p=0.25,
respectively) intake. AMI patients that received B-blockers showed minor serial changes and
low levels of white blood-cell and lymphocytes counts compared to those that were not
taking those drugs.

3.4 Relationships between angiographic features and inflammatory mediators

The existence of associations or variations between the levels of inflammatory mediators
and the characterization of lesion morphology was also tested, including the number of
diseased vessels (single versus multivessel disease), lesion length (small <15 mm versus
large >15 mm lesions), TIMI risk score and the presence of calcium and thrombi.

*
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Fig. 3. Variations of white blood-cell (WBC) and neutrophil counts in the two classes of
stenosis based on TIMI risk score (TIMI 3 and TIMI <3). * p<0.05 vs normal flux TIMI 3.

The neutrophil counts were negatively correlated to the TIMI risk score classes (r=-0.503,
p<0.001) and positively with the presence of thrombi in lesions (r=0.424, p<0.001). In fact,
higher counts of neutrophils (and also white blood-cell) were observed in patients with
impaired coronary flux (TIMI <3) than in patients with normal flux (Figure 3). The same
tendency of increased levels was verified in patients with thrombi in lesions (Figure 4).

The concentrations of sP-selectin were negatively correlated to the TIMI score (r=-0.554,
p=0.041). No further correlations of inflammatory markers and angiographic features were
observed, except for the AMI patients’ longitudinal variations.

Considering the presence of calcium in lesions, the lymphocyte counts were lower in
calcified lesions than in lesions without calcium (Figure 5).
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Fig. 4. Variations of white blood-cell (WBC) and neutrophil counts in the presence or
absence of thrombi in the lesions. * p<0.05 vs lesions without thrombi.
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Fig. 5. Variations of lymphocytes counts in the presence or absence of calcium in the lesions.
"p<0.05 vs lesions without calcium.
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Low WBC risk
34%

High WBC risk
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Fig. 6. Distribution of subjects with impaired flux (TIMI <3) through the white blood-cell

(WBC) risk classes of cardiovascular events (low/high risk based on the cut-off level of
>10.1x109/1).
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Examining the longitudinal variations of inflammatory mediators and the angiographic
features, no associations were verified for serial changes of white blood-cells, neutrophils,
sP-selectin and sSICAM-1 (p>0.05; data not shown).

In what concerns the disease extension, the concentrations of CRP over time were positively
correlated with multivessel disease (p=0.026). While, the monocyte counts and TNF-a serial
changes were correlated to the lesion length (p=0.043 and p=0.38, respectively).

The risk classes of cardiovascular events based on white blood-cell and TNF-a cut-off levels
were also tested for possible associations to the lesion morphology data.

No correlations were found to the CRP risk class with the lesion morphology data.

By the contrary, the white blood-cell risk class was negatively correlated with the TIMI score
classes (r=-0,439, p<0.001) and positively with the presence of thrombi in lesions (r=0.460,
p<0.001). The distribution of patients within the TIMI score classes differs in the low versus
high white blood-cell risk classes. As can be observed in Figure 6, among patients with
impaired flux (TIMI <3), there were a higher number of patients with high WBC risk
(>10.1x10°/1) than patients with low WBC risk (p<0.001). The same tendency is verified for
the presence of thrombi in lesions (p<0.001; see Figure 7).

Lesion with thrombi

Low WBC risk
10%

High WBC risk

52%

Fig. 7. Distribution of subjects with thrombi in lesions through the white blood-cell (WBC)
risk classes of cardiovascular events (low/high risk based on the cut-off level of
>10.1x109/1).

Furthermore, among patients with calcified lesions there is also a higher frequency of
patients with high TNF-a risk (23.61 pg/ml) than patients with low TNF-a risk (see Figure
8), although the difference did not reach significance (p=0.08).

Lesion with calcium

Low TNF-u risk
3%

High TNF-« risk
40%

Fig. 8. Distribution of subjects with thrombi in lesions through the TNF-a risk classes of
cardiovascular events (low/high risk based on the cut-off level of (=3.61 pg/ml).
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4. Discussion

It is now widely recognized that inflammation plays a critical role in plaque destabilization
and vulnerability and that is a key-event in coronary artery disease (Alam et al., 2004). In the
last decades, important information about the pathophysiology and mechanism of coronary
artery disease and acute myocardial infarction had been extensively studied (Davies, 2000;
Frangogiannis et al., 2002; Libby, 2003; VanWijik et al., 2003; Alam et al., 2004; Fichtlscherer et
al., 2004; Kumar et al., 2004; Wiviott et al., 2004; Jefferson et al., 2005; Armstrong et al., 2006a;
Armstrong et al., 2006b; Libby, 2008; Skyschally et al., 2008). However, the understanding of
the interactions between inflammatory markers and between the different cell types
involved in those processes remains relatively unexplored, especially in human populations.
Angiography is a first-line test for coronary artery disease, particularly for screening
symptomatic patients. The evaluation of asymptomatic individuals relies on the
identification of risk factors. However, neither the absence of stenosis provided by
angiography assure the lack of future cardiac events, nor the cardiovascular events are
readily explained by cardiovascular risk factors (Fisher et al., 2000; Kern, 2000; Hadamitzky
et al., 2009; Marwan et al., 2009). Therefore, non-invasive estimation of coronary disease risk
is important to screening both symptomatic and asymptomatic patients. Furthermore, the
understanding of the cellular biology of the unstable plaque remains poorly known, and the
crucial question is still the identification of the factor(s) that play a significant role in the
plaque vulnerability.

A multi-parameter approach was used in the present study, which allowed a better
understanding of the complex relationships between the studied markers that meant to
capture different stages of the inflammatory response involved in the different phases of
coronary artery disease evolution and lesion progression.

4.1 Inflammatory markers in CAD

White blood-cell count, the most widely available and inexpensive measure of systemic
inflammation has been associated with cardiovascular mortality both in primary and
secondary prevention settings. In apparently healthy individuals, a high white blood-cell
count has been associated with increased cardiovascular mortality and incidence of coronary
artery disease, independently of traditional atherosclerotic risk factors (Ikonomidis et al., 2008).
In acute myocardial infarction two different inflammatory processes can be considered: the
coronary arterial inflammation that leads to the pathogenesis of acute myocardial infarction;
and the myocardium inflammation after the acute phase that leads to ventricular remodeling
and cardiac repair (Cheng et al., 2005). The immune cells can be related to both processes.

The increase in total white blood-cells occurring in AMI patients is considered as an
expression of acute-phase reaction (Dragu et al., 2008; Bodi et al., 2008), reflecting the
infiltration of leukocytes into the necrotic tissue in response to ischemia and reperfusion.
Neutrophils are the first leukocytes to be found in damaged myocardial area (Yu et al.,
2009). The prognostic role of leucocytes is supported by observations from thrombolysis
trials that identified leukocyte count as a predictor of short- and long-term adverse clinical
outcomes, whereas elevated neutrophil count is significantly associated with myocardial
infarct extension and the early development of congestive heart failure (Yu et al., 2009).
Monocytes infiltrate the infarct zone where they appear to orchestrate the cardiac repair and
remodeling process through a complex cascade involving cytokines and growth factors
secretion (Dragu et al., 2008). Their number is reported (Bodi et al., 2008) to increase 2 to 3
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days after the acute episode. The elapsed time between neutrophils and monocytes
responses was observed in the present study, as monocyte count peak was only reached at
day 2 in AMI patients.

No significant variations were observed in lymphocytes count in the four groups studied.
However, in AMI patients the slight decrease in lymphocytes number at the onset of the
acute event was emphasized in the longitudinal study where their number significantly
increased to 40 days. Lymphopenia was previously described in the literature (Bodi et al.,
2008). The reason for the fall in T lymphocytes numbers and activity is not yet completely
understood (Takeshita et al., 1997), but several authors proposed that could result from a
self-protective response in face of an overshoot of pro-inflammatory cytokines and other
products with tissue-damage potential (Steppich et al., 2007; Elenkov et al., 2005). A massive
lymphocyte apoptosis is proposed as the underlying mechanism (Bodi et al., 2008). This
theory gained more attention since hyper-inflammation was disregarded as the body
primary response in acute stress situations, such as sepsis (Hotchkiss & Karl, 2003). Severe
lymphopenia occurs in the initial stages of sepsis, but as the acute stress conditions evolves
the lymphocyte counts return to normal levels (Bodi et al., 2008).

During the acute event important feedback mechanism may be triggered to protect the
organism from an “overshoot” of systemic pro-inflammatory cytokines and other products
with tissue-damage potential by activated macrophages (Elenkov et al., 2005). As a
consequence of those feedback mechanisms no systemic T lymphocytes activation would
happen (Steppich et al., 2007), which could partially explain the low counts of lymphocytes
verified at AMI onset. After acute myocardial infarction, myocardial necrosis releases or
exposes normally sequestered antigenic constituents that may cause activation and
proliferation of lymphocytes (Cheng et al., 2005), returning to the normal levels as verified in
our study.

After ischemia/reperfusion injury, leukocyte sequestration and the release of cytokines,
such as TNF-a, may occur. Injured myocardium (Dawn et al., 2004), several extra-cardiac
tissues and immune system activation (Chiu et al., 2005), proved contributing to circulating
TNEF-a levels. Increasing levels of this pro-inflammatory cytokine after infarct, as measured
in AMI patients, has been reported previously (Bauriedel et al., 2003; Barbaux et al., 2001;
Blancke et al.,, 2005). This increasing suggests a continuous systemic inflammatory
stimulation that can trigger and/or amplify local inflammatory responses related to
ischemia/reperfusion injury (Barbaux et al., 2001). Though a cytoprotective role for TNF-a
has also been suggested (Blancke et al., 2005; Zirlik et al., 2007). The reported influence of
TNF-a in the upregulation of adhesion molecules is evidenced by its positive association
with sSICAM-1.

No significant changes were verified in SICAM-1 levels in CAD and CC patients relative to
healthy volunteers (REF group). Also, the levels of this adhesion molecule remained
unchanged in AMI patients over 40 days after the acute event. Previous medication intake
was found to exert no influence on sICAM-1 levels at admission. Also, in-hospital and
follow-up medication had no influence on serial changes of this adhesion molecule.
However, sICAM-1 levels were positively correlated with white blood-cell counts,
suggesting ongoing inflammatory response in coronary artery disease patients that may
favor the adhesion of inflammatory cells at injured site of lesions (Mulvihill et al., 2000;
O'Malley et al., 2001). Some of the reported data demonstrated increases in circulating
sICAM-1 for the first month after the acute event (O’Malley et al., 2001; Haim et al., 2002;
Hartford et al., 2006), plausibly reflecting in specific conditions ICAM-1 expression at the

www.intechopen.com



The Role of Inflammatory Biomarkers in the Assessment of Coronary Artery Disease 301

endothelial surface (Mulvihill et al., 2000). Although a stronger predictive information for
sICAM-1 could not yet be found (Haim et al., 2002; Hartford et al., 2006).

Similar values of sP-selectin between coronary artery disease patients and controls, as
verified in the present study, had already been reported in literature (Barbaux et al., 2001;
Blancke et al., 2005; Khare et al., 2005).

In this study, a negative association between soluble P-selectin levels and age was observed,
similar to that referred by Barbaux et al. (2001). Those authors called the attention for a
complex relation between P-selectin and coronary artery disease dependent on age, which
could be related to the different effects of P-selectin according to the stage of progression of
atherosclerosis. The soluble form of P-selectin could bind to leukocytes via PSGL-1 without
triggering their subsequent recruitment on the vascular surface, which limits the excessive
activation and extravasation of leukocytes. Therefore, high levels of sP-selectin may be
beneficial in some situations by protecting against inflammatory reactions (Barbaux et al.,
2001). This may explain the unexpectedly higher levels of sP-selectin found in REF group
similar to the levels of AMI patients and higher than the levels observed in CAD patients. In
fact, subjects from REF group were younger than those in AMI and CAD groups, 40% of
which had more than 65 years old. Similar sP-selectin values between coronary artery
disease patients and controls had already been described in literature (Barbaux et al., 2001;
Khare et al., 2005).

Furthermore, during the myocardial infarction, sP-selectin levels may be influenced by an
intricate network of processes involving inflammatory stimulus of injured myocardium and
vascular wall, and administrated medication. The serial changes of sP-selectin shortly after
AMI clearly evidenced the fall of activated platelets in consequence of massive anti-platelet
and anti-thrombotic therapeutic measures during intervention. The results of the changes of
sP-selectin over time evidence a significant influence of medication. Shimomura et al. (1998)
reported sP-selectin changes in AMI patients at admission and after reperfusion therapy
similar to ours. Currently used therapies, such as ACE-inhibitors and B-blockers effectively
counteract heightened platelet activation and aggregability (Bauriedel et al., 2003) resulting
in decreased circulating levels of P-selectin (Cha et al., 2004; Xiao et al., 2004) as observed in
this work. In fact, decreased sP-selectin levels were also found in CAD patients and CC
subjects, which had a long-term therapy history.

C-reactive protein (CRP) is considered by many authors as one of the most suitable
candidates as nontradicional risk factors, since it meets most of the criteria to be a useful
indicator in cardiovascular diseases (Calabro et al., 2009). Elevated baseline concentrations of
CRP are associated with the risk of atherosclerotic events in general populations and show a
predictive value in terms of secondary prevention, both in patients with chronic stable
angina and acute coronary syndromes (Calabro et al., 2009). The prognostic significance of
CRP has also been shown in apparently healthy adults without cardiovascular disease
(Ridker et al., 2003; Dansesh et al., 2004; Ridker & Cook 2004). Our results are therefore
consistent with previous variations of this acute-phase reactant described in literature (Fang
et al., 2004; Li et al., 2005; Hartford et al., 2006).

Leukocytes and released cytokines may contribute to ischemia/reperfusion injury by
interacting with endothelial cells (Xu et al., 2006), linking the thrombotic and inflammatory
responses (Libby & Simon, 2001). Thus, temporal and sequential association of events
orchestrated by both inflammatory cells, e.g. white blood-cells, monocytes, neutrophils and
lymphocytes, and inflammatory markers, such as TNF-a, CRP, SICAM-1, and sP-selectin seem
to be crucial in the initiation of inflammatory responses after ischemia/reperfusion injury.
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4.2 Inflammatory markers and angiographic features

There is a substantial interest in research and in clinical practice in the development and
application of new biomarkers for risk stratification in patients with acute coronary
syndromes.

In particular, strategies combining multiple biomarkers that may reflect diverse
pathophysiological contributors to the onset and complications of acute events are
appealing as an approach to improve risk assessment and effective therapy. Numerous
studies have demonstrated independent associations between levels of various
inflammatory markers and the presence of angiographically documented coronary artery
disease (Sabatine et al., 2002a). Evidences have been established for improved risk
stratification using white blood-cells, B-type natriuretic peptide, high-sensitivity CRP, and
troponin T, to mention a few, alone or in combination (Cavusoglu et al., 2006; Sanchis et al.,
2004; James et al., 2006). However, the relative importance of the various inflammatory
markers with coronary disease is still scarce. Comparative evaluation of newer markers is
necessary to assess these candidates for integration into present strategies concerning the
evaluation of the strongest candidates in order to guide further development as well as
potential clinical application.

Acute phase proteins, adhesion molecules and cytokines have appeared among the potential
candidate biomarkers of inflammation based upon prognostic performance in studies in
patients with coronary artery disease (Armstrong et al., 2006a; Armstrong et al., 2006b;
Armstrong et al., 2006c).

In our study various clinical, biochemical and inflammatory markers were correlated with
angiographic findings and risk scores. White blood-cells, neutrophils, sP-selectin, sSICAM-1,
CRP and TNF-a, were found to be associated either with risk scores for stenosis and TIMI or
with the presence of calcium and thrombi in lesions. It was also found that high neutrophil
and white blood-cell counts were correlated to high-grade stenosis and to the presence of
thrombi. In addition, increased risk score based on white blood-cells counts was strongly
correlated with high-risk TIMI score.

White blood-cells counts have been associated with the lesion coverage and magnitude of
coronary artery disease (Cavusoglu et al., 2006), lower TIMI flow and myocardial perfusion
grades during coronary angiography (Sabatine et al., 2002a). Furthermore, white blood-cell
count was strongly associated to multivessel coronary artery disease (Cavusoglu, et al. 2006).
In unstable angina patients the baseline of white blood-cells count proved to be predictive of
unfavorable clinical outcomes being highly significant for death within 30 days to six
months (Sabatine et al., 2002a). In addition, establishing levels of white blood-cells counts,
contributed to improved risk stratification. In patients with low white blood cell counts the
predictive of mortality ranged from 1.5% (25t percentile) to 3.6% among patients with an
intermediate white blood-cells count (25th to 75th percentiles), to 5.1% among patients with
a high white blood-cell count (75th percentile). So far, no association between white blood
cells count and new or recurrent myocardial infarction or rehospitalization for acute
coronary syndromes could be established.

High neutrophil counts were also associated to high cardiovascular risk (Horne et al., 2005).
In the current study, the correlation of neutrophils with acute event manifestations,
especially occlusive stenosis and the presence of thrombi in lesions, suggest their
involvement in the coagulation management. Neutrophils are large cells that may
accumulate in microvasculature after myocardial infarction. They can produce dramatic
pathological anomalies as they adhere to capillary endothelium preventing reperfusion
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(Bodi et al., 2008). Neutrophils that are recruited to the thrombosis region may be trapped in
cloth releasing, during degranulation, myeloperoxidase. Myeloperoxidase is in fact an
abundant leukocyte lysosomal enzyme. It was found to be elevated in culprit lesions that
have fissured or ruptured in patients with sudden death from cardiac causes. Numerous
lines of evidence suggest mechanistic links between myeloperoxidase and both
inflammation and cardiovascular disease, therefore linking neutrophils to acute coronary
syndromes and highlighting its potential and usefulness for risk stratification among
patients with chest pain (Brennan et al., 2004).

Our concurrent results also evidence the ability of white blood-cells and neutrophils as
inflammatory entities to predict the presence of angiographic coronary disease and in
particular the acute event. The negative correlation of sP-selectin with the class of TIMI
(flow from 0 to 3) reinforced the value of combining multiple pathophysiological
contributors in the evaluation of angiographic coronary disease. High values of s-Pselectin
are linked to limitations in flow. The sP-selectin is an adhesion molecule involved in cell-
platelet aggregation and adhesion (Blann et al., 2003; Armstrong et al., 2006c). The verified
synchronized rise of sP-selectin, white blood-cells and neutrophils count may be useful to
further improve patients” evaluation and prognosis.

Also high CRP levels were associated to stenosis. Inflammation, atherosclerotic plaque
rupture or myocardial necrosis, are mechanisms responsible for elevated CRP levels in the
circulation. The potential use of CRP in patients’ diagnosis and in risk stratification of
patients with coronary disease has been largely studied. Although the use of CRP as a
prognostic marker still remains controversial (Packard & Libby, 2008). In fact, our results
indicated an inverse association of CRP levels with stenosis what may suggest that CRP
increases may be governed by other mechanisms. Results may also express the non-
relevance of CRP levels immediately after the acute event. Actually, the delay of
approximately 48-h after the acute event for CRP increases is well documented in the
literature (Fang et al., 2004; Hartford et al., 2006). Biomarkers studied in our work were
measured at patient’s admission, what for myocardial infarction patients correspond to a
maximum of 6-h after acute event. Our findings also pointed out for a positive correlation of
high-risk CRP score with sICAM-1, suggesting that endothelial activation may influence
CRP expression rather than coronary stenosis.

On the other hand, the presence of calcium in the culprit lesion was associated to higher
lymphocytes count, indicating that these cells may express the activity of the atherosclerotic
plaque, as mineralized lesions usually indicate more stabilized plaques (Fischer et al., 2000).
As referred previously the moderate and non-significant decrease of lymphocytes at the
acute phase of myocardial infarction is expressed in the longitudinal study carried out in
our work. Lymphocytes are long-lived cells that memorize specialized information about
the antigen pool at the individual level (Bodi et al., 2008). Therefore, lymphocytes may keep
information about the plaque composition and consequently be associated with the
mechanisms of plaque formation during the life span of the individual. These findings are in
line with current knowledge on coronary atherosclerotic plaque burden. Plaque burden, and
not stenosis severity, was a more important marker of disease. Also, the prognosis of
coronary artery disease is more closely related to atherosclerosis plaque stability than the
extent of a particular stenosis. The lesion vulnerability is thought to be associated to the
plaque composition (Fischer et al., 2000). Lesions contain a lipid core intertwined by fibrous
tissue that contributes to the disarrangement of intimal structure. In addition to the presence
of macrophages and smooth muscle cells, lymphocytes and monocytes have been identified
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in the sub-endothelial region close to the lipid core. The continuous accumulation of
extracellular lipids and cell debris promote the atheroma growth with prominent fibrous
connective tissue and intimal thickening. Eventually the lipid core or other areas of the
arterial wall may calcify and the lesions may present fissures, hematomas and thrombi.
Lesions with high fibrotic content are usually more occlusive and ultimately may progress
to complete occlusion without participation of acute plaque rupture. Therefore, the
susceptibility to rupture is not strictly linked to significant stenosis. Also, the acute coronary
syndromes are associated with plaque disruption and associated flow-limiting thrombus
that may not be caused by of a non-obstructive plaque.

The extent of coronary atherosclerosis, rather than the severity of stenosis, may be the most
important predictor of death due to acute myocardial infarction or sudden cardiac death
(Schmermund et al., 1997). The quantification of atherosclerotic burden has become vital to
proper risk stratification, especially in the intermediate risk population (Mieres et al., 2005).
Established noninvasive methods of evaluating CAD, such as stress testing, generally
identify only patients with advanced atherosclerotic disease leading to a flow-limiting
coronary stenosis and myocardial ischemia (Greenland & Gaziano 2003; Rumberger et al.,
2005). More recently published studies demonstrate a high sensitivity of coronary artery
calcium for the presence of coronary artery disease but a lower specificity for obstructive
coronary artery calcium depending on the magnitude of the coronary artery calcium (Budoff
& Gul, 2008). Coronary calcification is a marker of atherosclerosis that can be quantified
with the use of cardiac coronary tomography and it is proportional to the extent and
severity of atherosclerotic disease. Coronary artery calcium was found to be a stronger
independent predictor of future events than a sum of all of the conventional risk factors
combined (Kennedy et al., 1998). Based on multiple observational studies, patients with
increased plaque burdens (increased coronary artery calcium) are approximately ten times
more likely to suffer a cardiac event over the next 3-5 years (Budoff & Gul, 2008). Opposite,
Bauer and coworkers (Bauer et al., 2009) combining angiographic findings of calcified and
non-calcified plaque burden and stenosis severity and the myocardial perfusion imaging
finding of ischemia proposed that non-calcified plaque burden is a better predictor of the
finding of myocardial ischemia at stress myocardial perfusion imaging than are calcium
score and degree of stenosis.

A variety of inflammatory factors including the actions of inflammatory cells are thought to
play an important role in plaque stability and calcification (Morrow et al., 2008). Vascular
calcification is a prominent feature of atherosclerosis but the mechanisms underlying
calcification are still unclear. Vascular smooth muscle cells are currently considered to be
responsible for the formation of vascular calcifications. Cytokines play an important role in
regulation of vascular smooth muscle cells growth and differentiation.

In fact, in our work a strong positive association of TNF-a with lesion length was found. In
addition high TNF-a levels (=3.16 pg/ml) were associated with high calcium percentage in
plaques. TNF-a. was also found to be augmented at patients’” admission (coronary artery
disease and myocardial infarction) and progressively increase to 40 days in the infarction
evolution. These findings suggest a dual role of TNF-a in coronary artery disease. On one
hand TNF-a was associated with vascular calcification, possibly expressing a role in the
stabilization of the plaque, and on the other hand TNF-a was related to the inflammatory
process after myocardial infarction.

This pleiotropic nature of TNF-a is documented in literature (Trion & Laarse, 2004; Lencel et
al., 2010). TNF-a influences many aspects of atherosclerosis by increasing the permeability
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of endothelial cells, promoting monocyte adhesion, inducing macrophage differentiation,
and promoting foam cell formation. TNF-a is also a regulator of bone formation. In both
intima and media, calcification resembles bone formation. This cytokine has indeed been
shown to stimulate in vitro the expression by vascular smooth muscle cells key enzymes of
the mineralization process inducing the calcification of collagen fibrils. TNF-a can also
trigger the differentiation of vascular smooth muscle cells and/or mesenchymal stem cells
into osteoblast-like cells, by expressing specific transcription factors, eventually leading to
formation of a bone-like tissue (Lencel et al., 2010).

5. Conclusion

Reported results support the concept of a differential response of inflammatory markers in
coronary artery disease. In acute events the inflammatory response and the interactions
between the inflammatory markers observed influenced both the clinical outcome and the
vascular remodeling that persist after clinical stabilization as given by the interplay of the
studied inflammatory mediators.

The inflammatory multimarker approach used and the differential response observed can
contribute to a better assessment of the disease evolution and therapeutic plans.

Only the simultaneous assessment of several markers, as innovatively done in the present
study, can give a valuable contribution to the understanding of their importance in coronary
artery disease and in the evolution of acute myocardial infarction.

This study was useful both in research and clinical practice approaches. Combining
inflammation assessment together with angiographic findings helped unravelling non-
invasive markers for the disease.

6. Acknowledgment

This work was supported by Fundacdo para a Ciéncia e Tecnologia (PIC/IC/82734/2007
and SFRM/BPD/63908/2009); and by Liga dos Amigos do Hospital de Santa Marta.

7. References

Alam, S.E.; Nasser, S.S.; Fernainy, K.E.; Habib, A.A. & Badr, K.F. (2004). Cytokine imbalance
in acute coronary syndrome. Current Opinion in Pharmacology, Vol.4, No.2, (April
2004), pp- 166-179, ISSN 1471-4892

Antman, EM.; Cohen, M. & Bernink, P.J.L.M. (2000). The TIMI score for unstable
angina/non ST elevation MI. The Journal of the American Medical Association, Vol.284,
No.7, (August 2000), pp. 835-842, ISSN 0098-7484

Armstrong, E.J.; Morrow, D.A. & Sabatine, M.S. (2006a). Inflammatory biomarkers in acute
coronary syndromes. Part I: introduction and cytokines. Circulation, Vol.113, No.6,
(February 2006), pp. e72-e75, ISSN 0009-7322

Armstrong, E.J.; Morrow, D.A. & Sabatine, M.S. (2006b). Inflammatory biomarkers in acute
coronary syndromes. Part II: acute-phase reactants and biomarkers of endothelial
cell activation. Circulation, Vol.113, No.7, (February 2006), pp. €152-e155, ISSN 0009-
7322

www.intechopen.com



Coronary Angiography
306 - Advances in Noninvasive Imaging Approach for Evaluation of Coronary Artery Disease

Armstrong, E.J.; Morrow, D.A. & Sabatine, M.S. (2006¢). Inflammatory biomarkers in acute
coronary syndromes. Part IV: matrix metalloproteinases and biomarkers of platelet
activation. Circulation, Vol.113, No.9, (March 2006), pp. €382-e385, ISSN 0009-7322

Barbaux, S.C.; Blankenberg, S.; Rupprecht, H.J.; Francomme, C.; Bickel, C.; Hafner, G.;
Nicaud, V.; Meyer, J.; Cambien, F. & Tiret, L. (2001). Association between P-selectin
gene polymorphisms and soluble P-selectin levels and their relation to coronary
artery disease. Arterosclerosis, Thrombosis and Vascular Biology, Vol.21, No.10,
(October 2001), pp. 1668-1673, ISSN 1079-5642

Bauer, RW.; Thilo, C.; Chiaramida, S.A.; Vogl, T.J.; Costello, P. & Schoepf, U.J. (2009).
Noncalcified atherosclerotic plaque burden at coronary ct angiography: a better
predictor of ischemia at stress myocardial perfusion imaging than calcium score
and stenosis severity. American Journal of Roentgenology, Vol.193, No.2, (August
2009), pp. 410-418, ISSN 0361-803X

Bauriedel, G.; Skowasch, D.; Schneider, M.; Andrié, R.; Jabs, A. & Luderitz, B. (2003).
Antiplatelet effects of angiotensin-converting enzyme inhibitors compared with
aspirin and clopidogrel: a pilot study with whole-blood aggregometry. American
Heart Journal, Vol.145, No.2, (February 2003), pp. 343-348, ISSN 0002-8703

Blancke, F.; Claeys, M.].; Jorens, P.; Vermeiren, G.; Bosmans, J.; Wuyts, F.L. & Vrints, C.J.
(2005). Systemic inflammation and reperfusion injury in patients with acute
myocardial infarction. Mediators of Inflammation, Vol.2005, No.6, (2005), pp. 385-389,
ISSN 1466-1861

Blann, A.D.; Sunil, K.; Nadar, S.K. & Lip, G.Y.H. (2003). The adhesion molecule P-selectin
and cardiovascular disease. European Heart Journal, Vol.24, No.24, (December 2003),
pp- 2166-2179, ISSN 0195-668x

Blum, A. & Yeganeh, S. (2003). The role of T-lymphocyte subpopulations in acute
myocardial infarction. European Journal of Internal Medicine, Vol.14, No.7,
(November 2003), pp. 407-410, ISSN 0953-6205

Bodi, V.; Sanchis, J.; Nunez, J.; Mainar, L.; Minana, G.; Benet, 1.; Solano, C.; Chorro, F.J. &
Llacer, A. (2008). Uncontrolled immune response in acute myocardial infarction:
unravelling the thread. American Heart Journal, Vol.156, No.6, (December 2008), pp.
1065-1073, ISSN 0002-8703

Brennan, M.-L.; Penn, M.S.; Van Lente, F.; Nambi, V.; Shishehbor, M.H.; Aviles, R].;
Goormastic, M.; Pepoy, M.L.; McErlean, E.S.; Topol, E,J.; Nissen, S.E. & Hazen, S.L.
(2004). Prognostic value of myeloperoxidase in patients with chest pain. The New
England Journal of Medicine, Vol.350, No.2, (January 2004), pp. 516-518, ISSN 0028-
4793

Budoff, M.]. & Gul, K.M. (2008). Expert review on coronary calcium. Vascular Health and Risk
Management, Vol.4, No.2, (April 2008), pp. 315-324, ISSN 1176-6344

Budoff, M.]. & Gul, M.K (2008). Expert review on coronary calcium. Vascular Health and Risk
Management, Vol.4, No.2, (April 2008), pp. 315-324, ISSN 1176-6344

Calabro, P.; Golia, E. & Yeh, E-T.H. (2009). CRP and the risk of atherosclerotic events.
Seminars in Immunopathology, Vol.31, No.1, (June 2009), pp. 79-94, ISSN 1863-2297

Caligiuri, G.; Paulson, G.; Nicoletti, A.; Maseri, A.L. & Hansson, G.K. (2000). Evidence for
antigen-driven T cell response in unstable angina. Circulation, Vol.102, No.10,
(September 2000), pp. 1114-1119, ISSN 0009-7322

www.intechopen.com



The Role of Inflammatory Biomarkers in the Assessment of Coronary Artery Disease 307

Cavusoglu, E.; Chopra, V.; Gupta, A.; Ruwende, C.; Yanamadala, S.; Eng, C.; Clark, L.T,;
Pinsky, D.J. & Marmur, ]J.D. (2006). Usefulness of the white blood cell count as a
predictor of angiographic findings in an unselected population referred for
coronary angiography. The American Journal of Cardiology, Vol.98, No.9, (November
2006), pp. 1189-1193, ISSN 0002-9149

Cha, J.K;; Jo, W. Mulvihill S.; Shin, H.C., Ho, ].M. & Kim, J.W. (2004). Increased platelet
CD63 and P-selectin expression persist in atherosclerotic ischemic stroke. Platelets,
Vol.15, No.1, (February 2004), pp. 3-7, ISSN 0953-7104

Cheng, X,; Liao, YH.; Ge, H,; Li, B.; Zhang, ].; Yuan, J.; Wang, M.; Liu, Y.; Guo, Z.; Chen, J;
Zhang J. & Zhang, L. (2005). Th1/Th2 functional imbalance after acute myocardial
infarction: coronary arterial inflammation or myocardial inflammation. Journal of
Clinical Immunology, Vol.25, No.3, (May 2005), pp. 246-253, ISSN 0271-9142

Chia, S.; Nagurney, J.T.; Brown D.F.M.; Raffel, O.C; Bamberg, F.; Senatore, F.; Wackers,
F.J.Th. & Jang, LK. (2009). Association of leukocyte and neutrophils counts with
infart size, left ventricular function and outcomes after percutaneous coronary
intervention for ST-elevation myocardial infarction. The American Journal of
Cardiology, Vol.103, No.3, (February 2009), pp. 333-337, ISSN 0002-9149

Conroya, R.M.; Pyoraldb, K.; Fitzgeralda, A.P.; Sansc, S.; Menottid, A.; De Backere, G.; De
Bacquere, D.; Ducimetiéref, P.; Jousilahtig, P.; Keilh, U.; Njolstadi, I.; Oganovj, R.G.;
Thomsenk, T.; Tunstall-Pedoel, H.; Tverdalm, A.; Wedeln, H.; Whincupo, P,
Wilhelmsenn, L. & Grahama, I.M. (2003). Estimation of ten-year risk of fatal
cardiovascular disease in Europe: the SCORE project. European Heart Journal,
Vol.24, No.11, (June 2003), pp. 987-1003, ISSN 0195-668x

Danesh, J.; Wheeler, ].G.; Hirschfield, G.M.; Eda, S.; Eiriksdottir, G.; Rumley, A.; Lowe,
G.D.O.; Pepys, M.B. & Gudnason, V. (2004). C-reactive protein and other
circulating markers of inflammation in the prediction of coronary heart disease. The
New England Journal of Medicine, Vol.350, No.2, (April 2004), pp. 1387-1397, ISSN
0028-4793

Davies, M.]J. (2000). Coronary disease: the pathophysiology of acute coronary syndromes.
Heart, Vol.83, No.3, (March 2003), pp. 361-366, ISSN 1355-6037

Dawn, B.; Guo, Y.; Rezazadeh, A.; Wang, O.L,; Stein, A.B.; Hunt, G.; Varma, J.; Xuan, Y.T.;
Wu, WJ,; Tan, W.; Zhu, X. & Bolli, R. (2004). Tumor necrosis factor-o. does not
modulate ischemia/reperfusion injury in naive myocardium but is essencial for the
development of late preconditioning. Journal of Molecular and Cellular Cardiology,
Vol.37, No.1, (July 2004), pp. 51-61, ISSN 0022-2828

Dragu, R.; Huri, S.; Zuckerman, R.; Suleiman, M.; Mutlak, D.; Agmon, Y.; Kapeliovich, M.;
Beyar, R.; Markiewicz, W.; Hammerman, H. & Aronson, D. (2008). Predictive value
of white blood cell subtypes for long-term outcome following myocardial
infarction. Atherosclerosis, Vol.196, No.1, (January 2008), pp. 405-412, ISSN 0021-
9150

Elenkov, LJ.; lezzoni, D.G.; Daly, A.; Harris, A.G. & Chrousos, G.P. (2005). Cytokine
dysregulation, inflammation and well-being. Neuroimmunemodulation, Vol.12, No.5,
(September 2005), pp. 255-269, ISSN 1021-7401

Fang, L.; Wei, H.; Mak, K.H.; Xiong, Z.; Song, J.; Wang, D.; Lim, Y.L. & Chatterjee, P. (2004).
Markers of low-grade inflammation and soluble cell adhesion molecules in Chinese

www.intechopen.com



Coronary Angiography
308 - Advances in Noninvasive Imaging Approach for Evaluation of Coronary Artery Disease

patients with coronary artery disease. The Canadian Journal of Cardiology, Vol.20,
No.14, (December 2004), pp. 1433-1438, ISSN 0828-282X

Fichtlscherer, S.; Heeschen, C. & Zeiher, A.M. (2004). Inflammatory markers and coronary
artery disease. Current Opinion in Pharmacology, Vol.4, No.2, (April 2004), pp. 124-
131, ISSN 1471-4892

Fisher, A.; Gutstein, D.E.; Fayad, Z.A. & Fuster, V. (2000). Predicting plaque rupture:
enhancing diagnosis and clinical decision-making in coronary artery disease.
Vascular Medicine, Vol.5, No.3, (August 2000), pp. 163-172, ISSN 1358-863X

Folsom, A.; Rosamond, W.; Shahar, E.; Cooper, L.S.; Aleksic, N.; Nieto, F.J.; Rasmussen, M.L.
& Wu, K.K. (1999). Prospective study of markers of hemostatic function with risk of
ischemic stroke. Circulation, Vol.100, No.7, (August 1999), pp. 736-742, ISSN 0009-
7322

Frangogiannis, N.G.; Smith, CW. & Entman, M.L. (2002). The inflammatory response in
myocardial infarction. Cardiovascular Research, Vol.53, No.1, (January 2002), pp. 31-
47, ISSN 0008-6363

Fuster, V.; Moreno, P.R.; Fayad, Z.A.; Corti, R. & Badimon, J.J. (2005). Atherothrombosis and
high-risk plaque. Journal of the American College of Cardiology, Vol.46, No.6,
(September 2005), pp. 937-954, ISSN 0735-1097

Gensini, G.F. & Dilaghi, B. (2002). The unstable plaque. European Heart Journal Supplement,
Vol.4, No.B, (March 2002), pp. B22-B27, ISSN 1520-765X

Grau, A.J.; Boddy, A\W.; Dukovic, D.A.; Buggle, F.; Lichy, C.; Brandt, T. & Hacke, W. (2004).
Leukocyte count as an independent predictor of recurrent ischemic events. Stroke,
Vol.35, No.5, (May 2004), pp. 1147-1152, ISSN 0039-2499

Greenland, P. & Gaziano, J.M. (2003). Selecting asymptomatic patients for coronary
computed tomography or electrocardiographic exercise testing. The New England
Journal of Medicine, Vol.349, No.2, (July 2003), pp. 465-473, ISSN 0028-4793

Hadamitzky, M.; Freifmuth, B.; Meyer, T.; Hein, F.; Kastrati, A.; Martinoff, S.; Schomig, A. &
Hausleiter, J. (2009). Prognostic value of coronary computed tomographic
angiography for prediction of cardiac events in patients with suspected coronary
artery disease. Journal of the American College of Cardiology Imaging, Vol.2, No.4,
(April 2009), pp. 404-411, ISSN 1936-878X

Haim, M.; Tanne, D.; Boyko, V.; Reshef, T.; Goldbourt, U.; Leor, J.; Mekori, Y.A. & Behar, S.
(2002). Soluble intercellular adhesion molecule-1 and long-term risk of acute
coronary events in patients with chronic coronary heart disease data from the
Bezafibrate Infarction Prevention (BIP) study. Journal of the American College of
Cardiology, Vol.39, No.7, (April 2002), pp. 1133-1138, ISSN 0735-1097

Han, S; Liu, P.; Zhang, W.; Bu, L.; Shen, M.; Li, H.; Fan, Y.; Cheng, K,; Li C. & Jia, G. (2007).
The opposite-direction modulation of CD4+*CD25*Tregs and T helper 1 cells in
acute coronary syndromes. Archives of Internal Medicine, Vol.124, No.1, (July 2007),
pp. 90-97, ISSN 1521-6616

Hansson, G.K. (2009). Atherosclerosis - an immune disease: The Anitschkov Lecture 2007.
Atherosclerosis, Vol.202, No.1, (January 2009), pp. 2-10, ISSN 0021-9150

Hartford, M.; Wiklund, O.; Hulten, K.M.; Perers, E.; Person, A.; Herlitz, J.; Hurt-Camejo, E.;
Karlsson, T. & Caidahl, K. (2006). CRP, interleukin-6, secretory phospholipase A2
group IIA, and intercellular adhesion molecule-1 during the early phase of acute

www.intechopen.com



The Role of Inflammatory Biomarkers in the Assessment of Coronary Artery Disease 309

coronary syndromes and long-term follow-up. International Journal of Cardiology,
Vol.108, No.1, (March 2006), pp. 55-62, ISSN 0167-5273

Henn, V.; Steinbach, S.; Buchner, K.; Presek, P. & Kroczek, R.A. (2001). The inflammatory
action of CD40 ligand (CD154) expressed on activated human platelets is
temporally limited by coexpressed CD40. Blood, Vol.98, No.4, (August 2001), pp.
1047-1054, ISSN 1079-9796

Horne, B.D.; Anderson, J.L.; John, J.M.; Weaver, A.; Bair, T.L.; Jensen, K.R.; Renlund, D.G. &
Mubhlestein, J.B. (2005). Which white blood cell subtypes predict increased
cardiovascular risk? Journal of the American College of Cardiology, Vol.45, No.10, (May
2005), pp. 1638-1633, ISSN 0735-1097

Hotchkiss, R.S. & Karl, I.E. (2003). The pathophysiology and treatment of sepsis. The New
England Journal of Medicine, Vol.348, No.2, (January 2003), pp. 138-150, ISSN 0028-
4793
http:/ /www.who.int/ mediacentre/factsheets/{s317/en/index.html.

Huynh, T.; Nasmith, J.; Luong, T.M.; Bernier, M.; Pharand, C.; Xue-Qiao, Z.; Giugliano, R.P.
& Theroux, P. (2009). Complementary prognostic values of ST segment deviation
and Thrombolysis In Myocardial Infarction (TIMI) risk score in non-ST elevation
acute coronary syndromes: Insights from the Platelet Receptor Inhibition in
Ischemic Syndrome Management in Patients Limited by Unstable Signs and
Symptoms (PRISM-PLUS) study. The Canadian Journal of Cardiology, Vol.25, No.12,
(2009), pp. e417-e421, ISSN 0828-282X

Ikonomidis, I.; Lekakis, J.; Revela, I.; Andreotti, F. & Nihoyannopoulos, P. (2005). Increased
circulating C-reactive protein and macrophage-colony stimulating factor are
complementary predictors of long-term outcome in patients with chronic coronary
artery disease. European Heart Journal, Vol.26, No.16, (August 2005), pp. 1618-1624,
ISSN 0195-668x

Ikonomidis, I.; Stamatelopoulos, K.; Lekakis, J.; Vamvakou, G.D. & Kremastinos, Th. (2008).
Inflammatory and ono-invasive vascular markers: the multimarker approach for
risk stratification in coronary artery disease. Atherosclerosis, Vol.199, No.1, (July
2008), pp. 3-11, ISSN 0021-9150

James, S.K.; Lindback, J.; Tilly, J.; Siegbahn, A.; Venge, P.; Armstrong, P.; Califf, R.; Simoons,
M.L.; Wallentin, L. & Lindahl, B. (2006). Troponin-T and N-terminal pro-B-type
natriuretic peptide predict mortality benefit from coronary revascularization in
acute coronary syndromes: a GUSTO-IV substudy. Journal of the American College of
Cardiology, Vol.48, No.6, (September 2006), pp. 11146-1154, ISSN 0735-1097

Jefferson, B.K. & Topol, E.J. (2005). Molecular mechanisms of myocardial infarction. Current
Problems in Cardiology, Vol.30, No.7, (July 2005), pp. 333-374, ISSN 0146-2806

Kennedy, J.; Shavelle, R.; Wang, S.; Budoff, M. & Detrano, R.C. (1998). Coronary calcium and
standard risk factors in symptomatic patients referred for coronary angiography.
American Heart Journal, Vol.135, No.4, (April 1998), pp. 696-702, ISSN 0002-8703

Kern, M.J. (2000). Coronary physiology revisited: practical insights from the cardiac
catheterization laboratory. Circulation, Vol.101, No.11, (March 2000), pp. 1344-1351,
ISSN 0009-7322

Khare, A.; Shetty, S.; Ghosh, K.; Mohanty, D. & Chatterjee, S. (2005). Evaluation of markers
of endothelial damage in cases of young myocardial infraction. Atherosclerosis,
Vol.180, No.2, (June 2008), pp. 375-380, ISSN 0021-9150

www.intechopen.com



Coronary Angiography
310 - Advances in Noninvasive Imaging Approach for Evaluation of Coronary Artery Disease

Kotecha, D.; Flathera, M.; McGradyb, M.; Peppera, J.; Newc, G.; Krumb, H. & Eccleston, D.
(2010). Contemporary predictors of coronary artery disease in patients referred for
angiography. European Journal of Cardiovascular Prevention and Rehabilitation, Vol.17,
No.3, (June 2010), pp. 280-288, ISSN 1741-8267

Kumar, V; Abbas, AK. & Fausto, N. (2004). Robbins and Cotran Pathologic basis of disease,
Elsevier Saunders, ISBN 978-1-4377-0792-2, China

Lencel, P.; Hardoiun, D. & Magne, D. (2010). Do cytokines induce vascular calcification by
the mere stimulation of TNAP activity? Medical Hypotheses, Vol.75, No.6,
(December 2010), pp. 517-521, ISSN 0306-9877

Li, J.-J.; Wangb, H.-R.; Huangb, JiC.-X.; Xueb J.-L. & Li, G.-S. (2005). Enhanced inflammatory
response of blood monocytes to C-reactive protein in patients with unstable
angina. Clinica Chimica Acta, Vol.352, No.1-2, (February 2005), pp. 127-133, ISSN
0009-8981

Libby, P. (2000). Coronary artery injury and the biology of atherosclerosis: inflammation,
thrombosis, and stabilization. The American Journal of Cardiology, Vol.86, No.8,
Suppl.2 (October 2000), pp. 3-8, ISSN 0002-9149

Libby, P. (2003). Vascular biology of atherosclerosis: overview and state of the art. The
American Journal of Cardiology, Vol.91, No.3, Suppl.1, (February 2003), pp. 3-6, ISSN
0002-9149

Libby, P. (2008). The molecular mechanisms of the thrombotic complications of
atherosclerosis. Journal of Internal Medicine, Vol.263, No.5, (May 2008), pp. 517-527,
ISSN 1355-2796

Libby, P. & Simon, D.I. (2001). Inflammation and thrombosis: the clot thickens. Circulation,
Vol.103, No.13, (April 2001), pp. 1718-1720, ISSN 0009-7322

Mallat, Z. & Tedgui, A. (2001). Current perspective on the role of apoptosis in
atherothrombotic disease. Circulation Research, Vol.88, No.10, (May 2001), pp. 998-
1003, ISSN 0009-7300

Margolis, K.L.; Manson, J.E.; Greenland, P.; Rodabough, R.J.; Bray, P.F.; Safford, M.; Grimm,
R.H.Jr.; Howard, B.V.; Assaf, A.R. & Prentice, R. (2005). Leukocyte count as a
predictor of cardiovascular events and mortality in postmenopausal women: the
Women’s Health Initiative Observational Study. Archives of Internal Medicine,
Vol.165, No.5, (March 2005), pp. 500-508, ISSN 0003-9926

Marwan, M.; Ropers, D.; Pflederer, T.; Daniel, W.G. & Achenbach, S. (2009). Clinical
characteristics of patients with obstructive coronary lesions in the absence of
coronary calcification: an evaluation by coronary CT angiography. Heart, Vol.95,
No.13, (July 2009), pp. 1056-1060, ISSN 1355-6937

Mauriello, A.; Sangiorgi, G.; Fratoni, F.; Palmieri, G.; Bonanno, E.; Anemona, L.; Schwartz,
R.S. & Spagnoli, L.G. (2005). Diffuse and active inflammation occurs in both
vulnerable and stable plaques of the entire coronary tree. Journal of the American
College of Cardiology, Vol.45, No.10, (May 2005), pp. 1585-1593, ISSN 0735-1097

Methe, H.; Brunner, S.; Wiegand, D.; Nabauer, M.; Koglin ]J. & Edelman, E.R. (2005).
Enhanced T-helper-1 lymphocyte activation patterns in acute coronary syndromes.
Journal of the American College of Cardiology, Vol.45, No.12, (June 2005), pp. 1939-
1945, ISSN 0735-1097

Mieres, J.H.; Shaw, L.J.; Arai, A.; Budoff, M.].; Flamm, S.D.; Hundley, G.; Marwick, T.H,;
Mosca, L.; Patel, A.R.; Quinones, M.A.; Redberg, R.F.; Taubert, K.A.; Taylor, A.J.;

www.intechopen.com



The Role of Inflammatory Biomarkers in the Assessment of Coronary Artery Disease 311

Thomas, G.S. & Wenger, N.K. (2005). The role of non-invasive testing in the clinical
evaluation of women with suspected coronary artery disease: American Heart
Association consensus statement. Circulation, Vol.111, No.5, (February 2005), pp.
682-696, ISSN 0009-7322

Morrow, D.A_; Sabatine, M.S.; Brennan, M.L.; de Lemos, J.A.; Murphy, S.A.; Ruff, C.T.; Rifai,
N.; Cannon, C.P. & Hazen, S.L. (2008). Concurrent evaluation of novel cardiac
biomarkers in acute coronary syndrome: myeloperoxidase and soluble CD40
ligand and the risk of recurrent ischaemic events in TACTICS-TIMI 18. European
Heart Journal, Vol.29, No.9, (May 2008), pp. 1096-1102, ISSN 0195-668x

Mulvihill, N.T.; Foley, J.B.; Murphy, R.; Crean, P. & Walsh, M. (2000). Evidence of prolonged
inflammation in unstable angina and non-Q wave myocardial infarction. Journal of
the American College of Cardiology, Vol.36, No.4, (October 2000), pp. 1210-1216, ISSN
0735-1097

O'Malley, T.; Ludlam, C.A.; Riemermsa, R.A. & Fox, K.A.A. (2001). Early increase in levels
of soluble inter-cellular adhesion molecule-1 (SICAM-1). European Heart Journal,
Vol.22, No.4, (July 2001), pp. 1226-1234, ISSN 0195-668x

Packard, R.R.S. & Libby, P. (2008). Inflammation in atherosclerosis: from vascular biology to
biomarker discovery and risk prediction. Clinical Chemestry, Vol.54, No.1, (January
2008), pp. 24-38, ISSN 0009-9147

Packard, R.R.S.; Lichtman, A.R. & Libby, P. (2009). Innate and adaptative immunity in
atherosclerosis. Seminars in Immunopathology, Vol.31, No.1, (June 2009), pp. 5-22,
ISSN 1863-2297

Ponthieux, A.; Herbeth, B.; Droesch, S.; Haddy, N.; Lambert, D. & Visvikis, S. (2004).
Biological determinants of serum ICAM-1, E-selectin, P-selectin and L-selectin
levels in healthy subjects: the Stanislas study. Atherosclerosis, Vol.172, No.2,
(February 2004), pp. 299-308, ISSN 0021-9150

Price, D.T. & Loscalzo, J. (1999). Cellular adhesion molecules and atherogenesis. American
Journal of Medicine, Vol.107, No.1, (July 1999), pp. 85-97, ISSN 0002-9343

Ridker, P.M. & Cook, N. (2004). Clinical usefulness of very high and very low levels of C-
reactive protein across the full range of framingham risk scores. Circulation,
Vol.109, No.16, (April 2004), pp. 1955-1959, ISSN 0009-7322

Ridker, P.M.; Buring, J.E. & Rifai, N. (2001). Soluble P-selectin and the risk of future
cardiovascular events. Circulation, Vol.103, No.4, (January 2001), pp. 491-495, ISSN
0009-7322

Ridker, P.M.; Buring, J.E.; Ciik, N.R. & Rifai, N. (2003). C-reactive protein, the metabolic
syndrome, and risk of incident cardiovascular events: an 8-year follow-up of 14 719
initially healthy American women. Circulation, Vol.107, No.3, (January 2003), pp.
391-397, ISSN 0009-7322

Ridker, P.M.; Cannon, C.P.; Morrow, D.; Rifai, N.; Rose, L.M.; McCabe, C.H.; Pfeffer, M.A. &
Braunwals, E. (2005). C-reactive protein levels and outcomes after statin therapy.
The New England Journal of Medicine, Vol.352, No.1, (January 2003), pp. 20-28, ISSN
0028-4793

Rumberger, J.A.; Simons, D.B,; Fitzpatrick, L.A.; Sheedy, P.F. & Schwartz, R.S. (1995).
Coronary artery calcium areas by electron beam computed tomography and
coronary atherosclerotic plaque area: a histopathologic correlative study.
Circulation, Vol.92, No.8, (October 1995), pp. 2157-2162, ISSN 0009-7322

www.intechopen.com



Coronary Angiography
312 - Advances in Noninvasive Imaging Approach for Evaluation of Coronary Artery Disease

Sabatine, M.S.; Morrow, D.A.; Cannon, C.P.; Murphy, S.A; Demopoulos, L.A.; DiBattiste,
P.M.; McCabe, C.H.; Braunwald, E. & Gibson, C.M. (2002a). Relationship between
baseline white blood cell count and degree of coronary artery disease and mortality
in patients with acute coronary syndromes: a TACTICSTIMI 18 substudy. Journal of
the American College of Cardiology, Vol.40, No.10, (November 2002), pp. 1761-1768,
ISSN 0735-1097

Sabatine, M.S.; Morrow, D.A.; de Lemos, ].A.; Gibson, C.M.; Murphy, S.A; Rifai, N.; McCabe,
C.H.; Antman, E.M.; Cannon, C.P. & Braunwald, E. (2002b). Multimarker approach
to risk stratification in non-ST elevation acute coronary syndromes: simultaneous
assessment of troponin I, C-reactive protein, and B-type natriuretic peptide.
Circulation, Vol.105, No.16, (April 2002), pp. 1760-1763, ISSN 0009-7322

Sanchis, J.; Bodi, V.; Llacer, A.; Facila, L.; Martinez-Broton, A.; Insa, L. & Chorro, J. (2004).
Relationship of C-reactive protein levels with angiographic findings and markers
of necrosis in non-ST-segment elevation acute coronary syndrome. Revista Espariola
de Cardiologia, Vol.57, No.5, (May 2004), pp. 382-327, ISSN 1984-2009

Schmermund, A.; Baumgart, D.; Goerge, G.; Seibel, R.; Gronemeyer, D.; Ge, J.; Haude, M.;
Rumberger, J. & Raimund, E. (1997). Coronary artery calcium in acute coronary
syndromes: a comparative study of electronbeam computed tomography, coronary
angiography, and intracoronary ultrasound in survivors of acute myocardial
infarction and unstable angina. Circulation, Vol.96, No.5, (September 1997), pp.
1461-1469, ISSN 0009-7322

Shah, P.K. (2003). Mechanism of plaque vulnerability and rupture. Journal of the American
College of Cardiology, Vol.41, No.4, Suppl S, (February 2003), pp. 155-22S, ISSN 0735-
1097

Shankar, A.; Mitchell, P.; Rochtchina, E. & Wang, J.J. (2007). The association between
circulating white blood cell count, triglyceride level and cardiovascular and all-
cause mortality: population-based cohort study. Atherosclerosis, Vol.192, No.1, (May
2007), pp. 177-138, ISSN 0021-9150

Shimomura, H.; Ogawa, H.; Arai, H.; Moriyama, Y.; Takazoe, K:; Hirai, N.; Kaikita, K;
Hirashima, O.; Misumi, K.; Soejima, H.; Nishiyama, K. & Yasue, H. (1998). Serial
changes in plasma levels of soluble P-selectin in patients with acute myocardial
infarction. The American Journal of Cardiology, Vol.81, No.4, (February 1998), pp. 397-
400, ISSN 0002-9149

Skyschally, A.; Schulz, R. & Heuch, G. (2008). Pathophysiology of myocardial infarction:
protection by ischemic pre- and postconditioning. Herz, Vol.33, No.2, (March 2008),
pp- 88-100, ISSN 0340-9937

Steppich, B.A.; Moog, P.; Matissek, C.; Wisniowski, N.; Kiihle, J.; Joghetaei, N.; Neumann,
FJ.; Schomig, A. & Ott, 1. (2007). Cytokine profiles and T cell function in acute
coronary syndromes. Atherosclerosis, Vol.190, No.2, (February 2007), pp. 443-451,
ISSN 0021-9150

Steppich, B.A.; Moog, P.; Matissek, C.; Wisniowski, N.; Kiihle, J.; Joghetaei, N.; Neumann,
F.J.; Schomig, A. & Ott, 1. (2007). Cytokine profiles and T cell function in acute
coronary syndromes. Atherosclerosis, Vol.190, No.2, (February 2007), pp. 443-451,
ISSN 0021-9150

Sukhija, R.; Fahdi, I.; Garza, L.; Fink, L.; Scott, M.; Aude, W.; Pacheco, R.; Bursac, Z.; Grant,
A. & Mehta, J.L. (2007). Inflammatory markers, angiographic severity of coronary

www.intechopen.com



The Role of Inflammatory Biomarkers in the Assessment of Coronary Artery Disease 313

artery disease, and patient outcome. The American Journal of Cardiology, Vol.99,
No.7, (April 2007), pp. 879-884, ISSN 0002-9149

Takeshita, S.; Isshiki, T.; Ochiai, M.; Ishikawa, T.; Nishiyama, Y.; Fusano, T.; Toyoizumi, H.;
Kondo, K.; Ono, O. & Tomohide, S. (1997). Systemic inflammatory responses in
acute coronary syndrome: increased activity observed in polymorphonuclear
leukocytes but not T lymphocytes. Atherosclerosis, Vol.135, No.2, (December 1997),
pp- 187-192, ISSN 0021-9150

Tan, K.T.; Tayebjee, M.H.; MacFadyen, R]J. & Lip, G.Y.H. (2005). Relation of platelet
activation to coronary angiographic severity and collateralization. The American
Journal of Cardiology, Vol.96, No.2, (July 2005), pp. 208-210, ISSN 0002-9149

Trion, A. & van der Laarse, A. (2004). Vascular smooth muscle cells and calcification in
atherosclerosis. American Heart Journal, Vol.147, No.5, (May 2004), pp. 808-814, ISSN
0002-8703

Twisk, J.W.R. (2006). Applied longitudinal data analysis for epidemiology, Cambridge University
Press, ISBN 0-521-52580-2, Cambrige, United Kingdom

Valgimigli, M.; Ceconi, C.; Malagutti, P.; Merli, E.; Soukhomovskaia, O.; Francolini, G.;
Cicchitelli, G.; Olivares, A.; Parrinello, G.; Percoco, G.; Guardigli, G.; Mele, D.;
Pirani, R. & Ferrari, R. (2005). Tumor necrosis factor-a receptor 1 is a major
predictor of mortality and new-onset heart failure in patients with acute
myocardial infarction. The cytokine-activation and long-term prognosis in
myocardial infarction (C-ALPHA) study. Circulation, Vol.111, No.7, (February
2005), pp. 863-870, ISSN 0009-7322

VanWijik, M.J.; VanBavel, E.; Sturk, A. & Nieuwland, R. (2003). Microparticles in
cardiovascular diseases. Cardiovascular Research, Vol.59, No.2, (August 2003), pp.
277-287, ISSN 0008-6363

Wiviott, S.D.; de Lemos, J.A. & Morrow, D.A. (2004). Pathophysiology, prognostic
significance and clinical utility of B-type natriuretic peptide in acute coronary
syndromes. Clinica Chimica Acta, Vol.346, No.2, (August 2004), pp. 119-128, ISSN
0009-8981

World Health Organization (WHO). (2011). Cardiovascular diseases. In: Fact sheet World
Health Organization, January 2011, Available from

Xiao, Z. & Théroux, P. (2004). Clopidogrel inhibits platelet-leukocyte interactions and
thrombin receptor agonist peptide-induced platelet activation in patients with an
acute coronary syndrome. Journal of the American College of Cardiology, Vol.43,
No.11, (June 2004), pp. 1982-1988, ISSN 0735-1097

Xu, Y.; Huo, Y.; Toufektsian, M.C.; Ramos, S.I.; Ma, Y.; Tejani, A.D.; French, B.A. & Yang, Z.
(2006). Activated platelets contribute importantly to myocardial reperfusion injury.
Journal of Molecular and Cellular Cardiology, Vol.290, No.2, (February 2006), pp.
H692-H699, ISSN 0363-6135

Yu, T.H.; Chua, C.A.; Cheng, C.I; Liu, W.H.; Yang, C.H.; Fang, C.Y.; Hsieh, Y.K.; Hang, C.L.;
Hung, W.C.; Chen, Y.H., Yeh, KH. Fu, M. & Yip, H.K. (2006). Concentration of
soluble P-selectin and white blood cell counts in infarct coronary arteries in
patients with acute myocardial infarction differ from the systemic circulation.
Chang Gung Medical Journal, Vol.29, No.2, (April 2006), pp. 169-174, ISSN 2072-0939

Zirlik, A.; Bavendiek, U.; Libby, P.; MacFarlane, L.; Gerdes, N.; Jagielska, J.; Ernst, S.;
Aikawa, M.; Nakaro, H.; Tsitsikov, E. & Schonbeck, U. (2007). TRAF-1, -2, -3, -5,

www.intechopen.com



Coronary Angiography
314 - Advances in Noninvasive Imaging Approach for Evaluation of Coronary Artery Disease

and -6 are induced in atherosclerotic plaques and differentially mediate
proinflammatory functions of CD40L in endothelial cells. Arterosclerosis, Thrombosis
and Vascular Biology, Vol.27, No.5, (May 2007), pp. 1101-1107, ISSN 1079-5642

www.intechopen.com



Coronary Angiography - Advances in Noninvasive Imaging

CORONARY Approach for Evaluation of Coronary Artery Disease
ANGIOGRAPHY

b p | Edited by Prof. Baskot Branislav

ARTERY .
HA{:&% ‘:\\

ISBN 978-953-307-675-1

Hard cover, 414 pages

Publisher InTech

Published online 15, September, 2011
Published in print edition September, 2011

In the intervening 10 years tremendous advances in the field of cardiac computed tomography have occurred.
We now can legitimately claim that computed tomography angiography (CTA) of the coronary arteries is
available. In the evaluation of patients with suspected coronary artery disease (CAD), many guidelines today
consider CTA an alternative to stress testing. The use of CTA in primary prevention patients is more
controversial in considering diagnostic test interpretation in populations with a low prevalence to disease.
However the nuclear technique most frequently used by cardiologists is myocardial perfusion imaging (MPI).
The combination of a nuclear camera with CTA allows for the attainment of coronary anatomic, cardiac
function and MPI from one piece of equipment. PET/SPECT cameras can now assess perfusion, function, and
metabolism. Assessing cardiac viability is now fairly routine with these enhancements to cardiac imaging. This
issue is full of important information that every cardiologist needs to now.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Patricia Napoledo, Mafalda Selas, Claudia Freixo, Catarina Ramos, Valeska Andreozzi, Antdnia Turkman,
Miguel Mota Carmo, Ana Maria Viegas-Crespo, Rui Cruz Ferreira and Teresa Pinheiro (2011). The Role of
Inflammatory Biomarkers in the Assessment of Coronary Artery Disease, Coronary Angiography - Advances in
Noninvasive Imaging Approach for Evaluation of Coronary Artery Disease, Prof. Baskot Branislav (Ed.), ISBN:
978-953-307-675-1, InTech, Available from: http://www.intechopen.com/books/coronary-angiography-
advances-in-noninvasive-imaging-approach-for-evaluation-of-coronary-artery-disease/the-role-of-
inflammatory-biomarkers-in-the-assessment-of-coronary-artery-disease

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




