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Preface

Atherosclerosis is one of the most feared enemies for individuals. In this book we focus our
attention on the main characteristics of atherosclerosis. However, a comprehensive book
should have many chapters, therefore this book is not conclusive but goes some way in tack-
ling the theme of atherosclerosis.

Many studies are necessary to completely clarify the phenomenon of atherosclerosis, so we
provide a concise window of “yesterday” and “today” into the world of atheroma.

Modern medicine and modern cardiology cannot ignore continuing medical education and
literature is the way to achieve this.

Using innovation and prevention as our main tools for the future we will attempt to over-
come any difficulties or at least we try to provide a work of modern cardiovascular history.

I would like to thank all my team for collaborating in this book. In particular, my thanks go to
Bruno (my expert colleague) and Aurel (my secretary) for analyzing and reading all the texts;
Vincenzo, Stefano, and Andrea for English evaluation; and finally Rebecca (my future wife)
for encouraging me in all my professional activities and giving me the power of daily life!

Luigi Gianturco
Clinical Institutes of Pavia and Vigevano (San Donato's Hospitals)
Vigevano, PV, Italy
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Focus on Coronary Atherosclerosis
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Additional information is available at the end of the chapter
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Abstract

Atherosclerosis is a vascular disorder consisting of thickening of arteries and lack of elas-
ticity. Result of atherosclerosis is that arteries become narrowed and hardened due to an
excessive buildup of plaque around the artery wall. The disease disrupts the flow of blood
around the body, posing serious cardiovascular complications. Arteries contain what is
called an endothelium, a thin layer of cells that keeps the artery smooth and allows blood
to flow easily. Endothelial damage starts the first step of atherosclerosis. After this, low-
density lipoprotein (LDL) cholesterol accumulates in the artery wall. Inflammatory pro-
cess starts after this accumulation, and macrophages reach the endothelium to clean up
cholesterol. But some macrophages are stuck in the affected part of the artery wall in
this process. Over time, this results in plaque being built up, consisting of cholesterol
and macrophage white blood cells. The plaque clogs up the artery, disrupting the flow
of blood. This potentially causes blood clots that can result in life-threatening conditions
such as heart attack and other cardiovascular diseases. Atherosclerosis can be seen in all
arteries in the body. Atherosclerosis is the most common cause of death in the western
countries. Some risk factors are as follows: age, sex, familial predisposition, hyperlip-
idemia, hypertension, diabetes mellitus, smoking, obesity, insufficient physical activity,
etc. Whatever the main reason or the risk factor is, once atherosclerosis is formed, several
life-threatening cardiovascular disorders can be seen. So, it has to be revealed.

Keywords: atherosclerosis, coronary atherosclerosis, coronary artery disease, ischemic
heart disease

1. Introduction

Atherosclerosis locution originates from the Greek-Latin word “atera” meaning “oat or milky
mush.” It describes a vascular disorder consisting of thickening of arteries and lack of elastic-
ity. The general pathology refers to three situations:

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN



4 Atherosclerosis - Yesterday, Today and Tomorrow

The predominant type is often seen with intimal fatty plaque formation including central
lipid-rich core. We want to mention about this type of atherosclerosis.

The second morphologic type of atherosclerosis, Monckeberg’s medial calcific sclerosis, is
seen in the muscular arteries with a medial calcification. This form is not prominent as classic
atherosclerosis and mostly seen after the age of 50. This can be seen radiologically and can be
felt with palpation.

The third type is the disorders of the small arteries and arterioles, named arteriosclerosis. This
is seen mostly with hypertensive and diabetic patients. This refers to stiffening or hardening
of the artery walls.

The final result of atherosclerosis is that arteries become narrowed and hardened due to an
excessive buildup of plaque around the artery wall. The disease disrupts the flow of blood
around the body, posing serious cardiovascular complications.

Atherosclerosis can be seen in all arteries in the body. But we will instruct about the coronary
atherosclerosis. Atherosclerosis is the most common cause of death in the western countries [1].

Arteries contain what is called an endothelium, a thin layer of cells that keeps the artery
smooth and allows blood to flow easily. Endothelial damage starts the first step of athero-
sclerosis. After this LDL cholesterol accumulates in the artery wall. Inflammatory process
starts after this accumulation, and macrophages reach the endothelium to clean up choles-
terol. But some macrophages stuck in the affected part of the artery wall in this process.
Over time this results in plaque being built up, consisting of cholesterol and macrophage
white blood cells.

The plaque clogs up the artery, disrupting the flow of blood. This potentially causes blood
clots that can result in life-threatening conditions such as heart attack and other cardiovascular
diseases.

Some risk factors are follows: age, sex, familial predisposition, hyperlipidemia, hypertension,
diabetes mellitus, smoking, obesity, insufficient physical activity, etc. Whatever the main rea-
son or the risk factor is, once atherosclerosis is formed, several life-threatening cardiovascular
disorders can be seen. So, it has to be revealed.

2. Background

The role of the circulation is to service the needs of the tissues. It includes transporting nutri-
ents to thecells of the body and waste products away from the cells of the body. And finally
transporting hormones from one part of the body to another. Naturally, circulation maintains
an appropriate environment in all the tissue fluids of the body for optimal survival and func-
tion of the cells.

Systemic circulation, pulmonary circulation, peripheral circulation, etc. have some details to
maintain the blood flow. The arteries are the large conductive vessels that transport blood
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under high pressure to the tissues. The arterioles are the last small branches of the arterial
system. And, the capillaries are where the exchange of fluid, electrolytes, nutrients, hormones,
and other substances occurs. And, of course veins, venules, collect blood from the capillaries.
Our main subject is atherosclerosis of arterial vessels.

We have to learn the normal state before discussing the pathological status. The normal artery
wall is consisting of intima, media, and adventitia. Lumen is lined by a monolayer of endo-
thelial cells that overlies smooth muscle cells. The inner layer of smooth muscle cells, known
as the intima, is circumscribed by the internal elastic lamina. The media layer is between
the internal elastic lamina and external elastic lamina. The media is another layer of smooth
muscle cells. Outside the external elastic lamina is an adventitia part that is rarely populated
by cells and microvessels of the vasa vasorum.

Atherosclerosis is a progressive disease of medium- and large-sized arteries characterized
by focal intimal lesions called atheromas or atherosclerotic plaques that protrude into vessel
lumen and eventually leading to various complications [2]. There are several diseases led by
atherosclerosis: coronary artery disease, peripheral artery disease, and carotid artery disease.
These are real threats for mortality and morbidity in the developed countries.

3. Pathophysiology

Atherosclerosis is a chronic, inflammatory, fibroproliferative disease of medium- and large-
sized arteries [3]. There are different stages to form the atherosclerotic plaque. The initiation
phase is the beginning and the progression of the plaque and the final complication stage.

Chronic or recurrent endothelial damage is the cornerstone of the “response to damage”
hypothesis. Hyperlipidemia, hypertension, smoking, immunoreactions, hemodynamic fac-
tors, toxins, and viruses can cause this chronic endothelial damage. Hemodynamic deformities
such as endothelial shear stress, turbulent flow, or unfavorable effects of hypercholesterol-
emia have a role in the initiation phase. Due to endothelial damage and turbulent flow, endo-
thelial permeability, cell regeneration, and receptor-mediated LDL endocytosis and leukocyte
adhesion to endothelium increase.

Hyperlipidemia has an important role in the atherogenesis [4]. Chronic hyperlipidemia
especially hypercholesterolemia can start the endothelial damage. After all, lipoproteins
accumulate in these damaged endothelial sites. The cellular response after endothelial dam-
age continues with increased permeability, leukocyte adhesion, monocyte migration, and
increased adhesion. This is no longer the initiation phase after this stage; progression has
started.

Some cellular events take an important part in this phase. Smooth muscles migrate from the
media layer to intima and macrophages activated. Monocytes turn to macrophages. Activated
macrophages, and smooth muscle cells absorb lipids. Modified lipid molecules due to the
oxidative mechanisms of modified LDL arise. Oxide LDL makes some additive affects, in
order; (a) with the help of altered receptors LDL absorbed easily by macrophages (b) they
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are chemotactic to circulating monocytes (c) they enhance adhesion of monocytes (d) they
prevent the mobility of macrophages because of this macrophages remain their position and
hold on to there (e) they are cytotoxic to endothelium and smooth muscle cells (f) they are
immunogenic.

The endothelial damage is like as peeling of the endothelium, because of this damage platelets
hold on to the endothelium. Smooth muscle cells derived from media layer migrate to here
and starts to duplicate and some of them absorb lipids inside and turns to the foam like cells.
And this is shown as fatty streaks.

After this stage macrophages take a leading role in atherosclerosis. Macrophages secrete
interleukin-1 (IL-1) and tumor necrosis factor (TNF), and they are increasing leukocyte adhe-
sion. Again, monocyte chemoattractant protein-1 (MCP-1) produced by macrophages collects
leukocytes in the plaque. They have a role to oxidate the LDL. And finally, they secrete stimu-
lators to affecting the smooth muscle cell growth [5].

Fatty streaks are seen in the childhood phase. This lesion starts as a small 1-mm-diameter
intimal color change. With the organization of atherosclerosis, this lesion varies 1-3 mm in
diameter and 1-2 cm long. Some of them are raised and some of them not.

Atheromatous plaque is the definitive lesion, and it is rich in lipids, but more often it is a lipid
and fibrotic lesion. Sometimes, this solid and fibrotic characterized plaque can be rich with
cells. Plaques” diameter can reach to a few cm. Its color changes according to the amount of
the lipid. It is changed to a round shape and has an irregular shape.

Atheromatous plaques can be seen in the different parts of the body. The prevelence of
involvement is in order; Abdominal aorta, coronary arteries, popliteal arteries, descending
thoracic aorta, internal carotid arteries and the circle of Willis.

Finally, microscopically atherosclerotic plaque has got the main components. These are lip-
ids, vascular smooth cells, monocytes/macrophages, rarely lymphocytes, connective tissue
matrix, and fibrils (Figure 1).

But more importantly, atherosclerotic plaque changes to four different types. These are com-

plicated plaques:

a. Calcification of the arteries. They can be seen as a consecutive island, and some of them
can be in the whole artery.

b. Ulceration of the surface of the atherosclerotic plaque. This can cause embolization.

c. Platelet aggregation can occur on the ulcerated plaque. This can lead to total occlusion of
the artery. The most devastating effect of atherosclerosis such as heart attack and stroke is
caused by the superimposed thrombosis.

d. Atherosclerotic aneurysm can occur due to atherosclerosis.

e. This ulceration can break endothelial integrity, and this can causes rupture of the plaque
and can cause bleeding.
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Figure 1. The stages of the progression of atherosclerosis.
4. Epidemiology and etiology

Due to the asymptomatic phase of atherosclerosis, it is impossible to say the frequency of ath-
erosclerosis, because the process of atherosclerosis starts with fatty streak in the first decade
of lifetime. More advanced lesions begin to develop when individuals are in their second and
third decade. Complicated coronary atherosclerosis causes coronary artery disease (CAD) after
all. CAD remains the most common pathology with which cardiologists and cardiac surgeons
are facing. It is the most common cause of death in Turkey in 2013 [6]; 38.8% of the deaths were
due to the ischemic cardiovascular disease. Ischemic heart disease is the most common cause of
death in the world as reported by the World Health Organization (WHO) in 2012 [7].

Inactivation of genes coding for monocyte chemotactic protein-1 (MCP-1), its receptor on
monocyte/macrophages (CCR2), and macrophage colony-stimulating factor has a profound
impact on the development of atherosclerosis in otherwise identical mice that have been
shown in the experimental studies [8]. The etiology of atherosclerosis is unknown, but in
the development process of atherosclerosis, the pathophysiology is important to explain the
nature. There are some important risk factors in this process. We have to classify risk factors
in two. These are modifiable and non-modifiable risk factors.

7
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5. Risk factors

5.1. Non-modifiable risk factors

a. Increased age.

b. Male gender: lack of atheroprotective properties of estrogen which raises HDL and lowers
LDL.

c. Hereditary factors: history of coronary artery disease (CAD) among first-degree relatives
at a young age (before 55 for males and before 65 for females). New markers of the cardio-
vascular risk factors:

d. Increased lipoprotein(a) level.

e. Increased homocysteine level: high levels may promote oxidative stress, vascular inflam-
mation, and platelet adhesiveness. And, this process leads to atherosclerosis. A meta-anal-
ysis that collected a large number of prospective studies showed a significant association
between the serum level of homocysteine and the incidence of cardiovascular disease [9].
Not just with it, increased blood homocysteine levels are shown in patients with acute
myocardial infarction [10].

f. C-reactive protein (CRP), high-sensitivity CRP (hs-CRP), and other markers of inflam-
mation: activate complement and contribute to a sustained inflammatory state. CRP is a
biomarker of tissue damage and inflammation. It is an acute-phase reactant and increases
in the inflammatory process. But nowadays, it has been used in the diagnosis of the car-
diovascular diseases such as CAD. Sara et al. have showed that hs-CRP is associated with
coronary endothelial dysfunction in the asymptomatic coronary artery disease [11].

5.2. Modifiable risk factors

a. Dyslipidemia: increased LDL and decreased high-density lipoprotein (HDL).

b. Tobacco smoking: enhances oxidative modification of LDL, contributes to endothelial dys-
function via oxidant stress, and increases expression of leukocyte adhesion molecules.

c. Hypertension: increases permeability of the vessel wall to lipoproteins and promotes re-
tention of LDL in the vessel intima by accentuating production of LDL-binding proteogly-
cans by smooth muscle cells.

d. Diabetes mellitus: enhances glycation of LDL and is associated with endothelial
dysfunction.

e. Obesity and lack of physical activity: can cause dyslipidemia, hypertension, and insulin
resistance.

f. Stressful lifestyle: better known as Type A personality.

5.3. Atheroprotective factors

a. Exercise

b. High-density lipoprotein (HDL) and its major apolipoprotein (ApoAl)



Focus on Coronary Atherosclerosis
http://dx.doi.org/10.5772/intechopen.77301

Coronary atherosclerosis is an important site of atherosclerosis. There are various types of
results due to coronary atherosclerosis. Especially, the size of the plaque and the type of
the complicated plaque are important for this. Whatever the beginning of the atheromatous
plaque, the result can be a fatal heart attack. In developed countries atherosclerosis causes
more than half of total mortality. Coronary artery disease (CAD) is responsible for a major
proportion of these deaths [12].

6. Signs and symptoms

Onset of the atherosclerotic plaque and speed of the growth and complications, there are
several signs and symptoms. Atherosclerosis can be seen in every artery, but for the coronary
atherosclerosis, the result of the disease is coronary artery disease, and the symptoms and the
signs are due to this. Because of the impaired blood flow, there is a sort of symptoms. Some
of them are in the side of the chest, and some of them are systemic because of the impaired
circulation.

* Chest pain

¢ Shortness of breath

* Weakness, tiredness, reduced exertional capacity
* Dizziness, palpitations

¢ Leg swelling

¢ Weight gain

* Diaphoresis

¢ Tachycardia: common in persons with acute coronary syndrome (ACS) and acute myocar-
dial infarction (AMI)

* High or low blood pressure

* S, gallop: a common early finding

* S, gallop: an indication of reduced left ventricular function
¢ Heart murmurs

* Tachypnea

¢ Xanthelasmas

¢ Livedo reticularis

* Syncope

* Legedema

e Rales

9
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Coronary atherosclerosis causes coronary artery disease. Complicated atherosclerotic plaque
disrupts the blood flow in the coronary circulation. Impaired blood flow causes a corrupted
supply and demand of the oxygen and the metabolites in the heart. This results in a decrease in
coronary arterial blood flow and a decrease in oxygen supply. There are several symptoms such
as chest pain (angina pectoris), dyspnea, syncope, and sometimes pulmonary edema. Increased
demand of blood supply and oxygen starts the angina pectoris. Because of the decreased blood
flow in coronary artery, sufficient blood cannot be supplied in the increased effort capacity.
The spectrum of presentation includes symptoms and signs consistent with the following
conditions:

* Asymptomatic state (subclinical phase)

* Stable angina pectoris

¢ Unstable angina (i.e., acute coronary syndrome)
¢ Acute myocardial infarction (AMI)

¢ Chronic ischemic cardiomyopathy

* Congestive heart failure

¢ Sudden cardiac arrest

7. Diagnosis and treatment

Atherosclerosis can be seen in all the arterial sites in the whole body as mentioned before. So,
the physical examination can give us very important findings. A well-taken medical history
and physical examination can be helpful for the diagnosis. Suspicious findings can lead us to
make a decision for the advanced examination.

Medical history is the cornerstone of diagnosis. A positive history of typical chest pain, short-
ness of breath, impaired physical capacity, and the other signs and symptoms are very useful
to diagnosis.

Atherosclerosis can cause both coronary artery and peripheral artery diseases. Concomitant
coronary and peripheral artery disease prevalence is varied 28-94% in published reports [13].
So, on the calcified peripheral artery, palpation or lack of pulse in the peripheral arteries or
signs of the peripheral artery disease are important parts of the physical examination.

What are the parts of the advanced examination?

Electrocardiography (ECG): impaired blood flow in acute events such as acute myocardial
infarction and acute coronary syndromes are the changes we can see in the ECG.

Echocardiography (ECO): atherosclerotic calcification or plaque and thickness of aortic wall can
be seen in ECO. Ventricular low ejection fraction and impaired contraction of ventricular seg-
ments can suspect us for coronary atherosclerosis.

Stress echocardiography: this echocardiography can be performed either by exercise method or
pharmacological drugs that increase cardiac contractility and rate.
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Exercise echocardiography: images are taken before and after the treadmill or stationary bike
effort test. If exercise echocardiography cannot be performed due to peripheral artery dis-
ease, musculoskeletal disorders, etc., drug-stimulated (dobutamine, adenosine, dipyridam-
ole) stress echocardiography can be performed. These drugs increase the cardiac contractility
and rhythm. Doses of the drugs increases step by step, and images are taken gradually.

The purpose is to assess the exercise tolerance of the heart. If there is a myocardial perfusion
defect due to coronary artery disease, stress echocardiography can give information about
this. The severity of the coronary artery disease can be assessed with this test. Before and
after revascularization either PCI or CABG cardiac risk can be evaluated. It can be performed
for cardiac risk analyses for noncardiac surgeries. Exercise echocardiography can be used for
risk stratification in asymptomatic patients with severe aortic stenosis too [14]. Yao et al. have
showed in their clinical study; as the result of the exercise tests, monophasic/normal wall
motion was associated with a benign prognosis, but abnormal wall motion responses were
associated with a worse prognosis [15].

Myocardial perfusion scintigraphy: can show us the ischemic parts of the heart due to the occlu-
sive effect of coronary atherosclerosis leading to coronary artery disease.

Computed tomography (CT): conventional thoracoabdominal CT scan can show atherosclerotic
calcification and plaques in the aortic or arterial wall. But coronary CT scan can show us the
presence of coronary atherosclerosis, the degree of the coronary artery disease, and the occlu-
sive lesions.

Intravenous ultrasound (IVUS): can be useful for the controversial lesions. This is an invasive
technique that localizes plaques and quantifies plaque seriousness. Virtual histology-intra-
vascular ultrasound (VH-IVUS) can identify plaque components. Optical coherence tomog-
raphy (OCT), also known as optical frequency domain imaging (OFDI), identifies intimal
hyperplasia and also detects and quantifies the key features of vulnerable plaque [16].

Coronary angiography: is the gold standard for diagnosis of coronary atherosclerosis and coro-
nary artery disease. Moving image of each coronary artery and the atherosclerotic lesions can
be seen. It is the most specific and sensitive test for the diagnosis of coronary artery disease.

Coronary angiography can come out to such results. This can be a follow-up with medical
therapy, a percutaneous coronary intervention can be necessary, or a coronary artery bypass
grafting (CABG) is essential to be performed to the patient. All of the interventions are selected
due to the percentage of the affected coronary artery lesion, the lesion type, lesion location,
the number of the affected coronary artery, and of course the general condition of the patient.

Treatment: There are several treatment modalities. These include lifestyle changes, risk factor
modification, and medical therapies. But we want to mention about the clinically important
occlusive coronary artery diseases’ invasive treatment.

Percutaneous coronary intervention (PCI): it is also known as coronary angioplasty, and this
is a nonsurgical technique to treat obstructive coronary artery disease. It can be a choice in
stable angina pectoris, in acute myocardial infarction, or in multivessel coronary artery dis-
ease. The procedure is performed in angiography catheter laboratory. An x-ray fluoroscopy
and opaque fluid are necessary for the procedure. Entry ways for the procedure are femoral
arteries and radial arteries for the individual cases.
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Some urgent cases such as acute myocardial infarction PCI can be performed emergent.
Primary PCl is called in this situation. But also PCI is used for elective coronary artery disease
usually. The procedure starts with a local anesthesia from the arterial puncture side; this can
be even femoral or radial artery. Hydrophilic and micro-catheters and guidewires are used
to reach coronary arteries. These radiopaque wires are seen easily on fluoroscopy. A balloon
angioplasty can be performed to the occlusive lesion. Coronary stents can be implanted to the
occluded lesion. Coronary stents vary from bare metal stents to drug eluding stent. These drug
eluding stents vary to the first, second, and third generation. Nowadays, fourth-generation
bioresorbable stents are mentioned in some clinical trials [17]. Whatever the kind of the stents,
the main purpose is to improve blood flow of the myocardium tissue.

Coronary artery bypass grafting (CABG): so, is this the only technique that we can improve
blood supply of the myocardium? Is there any other way of myocardial revascularization?
The answer is yes. It is coronary artery bypass grafting (CABG). This is an open cardiac surgi-
cal procedure. This means that it is more invasive than PCI. But in some cases, PCI cannot be
the concluding treatment for the coronary artery disease. Lesion type, region of the lesion,
collateral and main side branches extending from the lesion, severity of the lesion, and the
number of the lesions is important for the physician to make the choice.

Before explaining CABG, we have to mention the indications and guidelines (Table 1 and 2).
7.1. Guidelines for coronary artery bypass graft surgery

7.1.1. Asymptomatic CAD

7.1.1.1. Class I

1. LMC stenosis.[18, 20]
2. LMCE disease.

3 Three-vessel disease.

Revascularization CABG DES

z
o
E.
2
=]
<

LVD  Norisk

g
=

LVD

One-vessel disease N N N Y Y Y
Proximal LAD Y Y Y N N N
Two-vessel disease without LAD N N N Y Y Y
Two-vessel disease with LAD Y Y Y Y Y Y
Two-vessel disease + proximal LAD Y Y Y N N N
Three-vessel disease Y Y Y C C C
Three-vessel + proximal LAD Y Y Y N N N
LMC + other lesions Y Y Y N N N

CABG, coronary artery bypass grafting; DES, drug-eluting stent; DM, diabetes mellitus; LAD, left anterior descending
artery; LMC, left main coronary artery disease; LVD, left ventricular dysfunction. *Y, yes; N, no; C, controversial.

Table 1. The reality of myocardial revascularization strategies in patients with isolated coronary artery disease [18].
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Recommendation CABG PCI

Class Level Class Level

One or two-vessel disease without LAD IIb C I C
One-vessel disease with proximal LAD I A I A
Two-vessel disease with proximal LAD I B I C
LMC with SYNTAX score <22 I B I B
LMC with SYNTAX score 23-32 I B ITb B
LMC with SYNTAX score > 32 I B I B
Three-vessel disease SYNTAX score > 22 I A I B
Three-vessel disease SYNTAX score 23-32 I A 11 B
Three-vessel disease SYNTAX score > 32 I A I B

Recommendation for the type of revascularization (CABG or PCI) in patients with stable CAD with suitable coronary
anatomy for both procedures [19].

Table 2. 2014 ESC/EACTS Guidelines on myocardial revascularization guidelines.

7.1.1.2. Class Ila

(1) Proximal LAD (one- or two-vessel disease)

7.1.1.3. Class IIb

(1) One- or two-vessel disease not involving proximal LAD (if a large territory at risk on non-
invasive studies or LVEF <50%, class Ila and IIb become class I indications)

7.1.2. Stable angina
7.1.2.1. Class 1

1. LMC stenosis.

2. LMCE disease.

3. Three-vessel disease.

4. Two-vessel disease with proximal LAD stenosis and LVEF <50% or demonstrable ischemia.

5. One- or two-vessel disease without proximal LAD stenosis but with a large territory at risk
and high-risk criteria on noninvasive testing.

6. Disabling angina refractory to medical therapy.

7.1.2.2. Class Ila

1. Proximal LAD stenosis with one-vessel disease.

2. One- or two-vessel disease without proximal LAD stenosis, but with a moderate territory
at risk and demonstrable ischemia.
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7.1.3. Unstable angina/non-ST-segment elevation MI (non-STEMI)
7.1.3.1. Class I

1. LMC stenosis.
2. LMCE disease.

3. Ongoing ischemia not responsive to maximal nonsurgical therapy.

7.1.3.2. Class 1Ia

Proximal LAD stenosis with one- or two-vessel disease.

7.1.3.3. Class 1Ib

One- or two-vessel disease without proximal LAD stenosis when PCI not possible (becomes
class L if high-risk criteria on noninvasive testing).

7.1.4. ST-segment elevation (Q wave) MI
7.1.4.1. Class 1

1. Failed PCI with persistent pain or shock and anatomically feasible.

2. Persistent or recurrent ischemia refractory to medical treatment with acceptable anatomy,
which has a significant territory at risk and not a candidate for PCI.

3. Requires surgical repair of post-infarct VSD or MR.

4. Cardiogenic shock in patients <75 years of age who have ST elevation, LBBB, or a posterior
MI within 18 hours onset.

5. Life-threatening ventricular arrhythmias in the presence of >50% LMC stenosis or three-
vessel disease.

7.1.4.2. Class 1Ia

1. Primary reperfusion in patients who have failed fibrinolytics or PCI and are in the early
stages (6-12 h) of an evolving STEMI.

2. Mortality with CABG is elevated in the first 3-7 days after STEMI/NSTEMI. After 7 days,
criteria for CABG in previous section are applied.

7.1.5. Poor LV function
7.1.5.1. Class 1

1.LMC.
2. LMCE.

3. Proximal LAD stenosis and two- to three-vessel disease.
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7.1.5.2. Class 1la

Significant viable territory and noncontractile myocardium.

7.1.6. Life-threatening ventricular arrhythmias
7.1.6.1. Class I

1.LMC.

2. Three-vessel disease.

7.1.6.2. Class Ila

1. Bypassable one- or two-vessel disease.

2. Proximal LAD disease and one- or two-vessel disease. These become class I indications if
arrhythmia is resuscitated cardiac death or sustained ventricular tachycardia.

7.1.7. Failed PCI
7.1.7.1. Class I

1. Ongoing ischemia with significant territory at risk.

2. Shock.

7.1.7.2. Class Ila

1. Foreign body in critical position.

2. Shock with coagulopathy and no previous sternotomy.
7.1.7.3. Class IIb

Shock with coagulopathy and previous sternotomy.
7.1.8. Previous CABG

7.1.8.1. Class 1

1. Disabling angina refractory to medical therapy.

2. Nonpatent previous bypass grafts, but with class I indications for native CAD.

7.1.8.2. Class Ila

1. Large territory at risk.

2. Vein grafts supplying LAD or large territory are “/> 50% stenosed.

15
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Class I: Conditions for which there is evidence and/or general agreement that a given proce-
dure or treatment is useful and effective.

Class II: Conditions for which there is conflicting evidence and/or a divergence of opinion
about the usefulness or efficacy of a procedure.

Class Ila: Weight of evidence/opinion is in favor of usefulness/efficacy.
Class IIb: Usefulness/efficacy is less well established by evidence/opinion.

Class III: Conditions for which there is evidence and/or general agreement that the procedure/
treatment is not useful/effective and in some cases may be harmful.

ACC, American College of Cardiology; AHA, American Heart Association; CABG, coronary
artery bypass grafting; CAD, coronary artery disease; LAD, left anterior descending artery;
LBBB, left bundle branch block, LMC, left main coronary artery; LMCE, left main coronary
equivalent; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MR, mitral
regurgitation; NSTEMI, non-ST elevation myocardial infarction; PCI, percutaneous translumi-
nal coronary angioplasty; STEMI, ST elevation myocardial infarction; VSD, ventricular septal
defect [20].

There are several grafts that are used in CABG. Arterial grafts such as left internal and right
internal mammary artery (LIMA and RIMA), especially LIMA has got the longest patency
rate (10-year patency is 95%). Radial artery can be used, but it is a muscular artery and has got
a predisposition to vasospasm. Vena saphena magna is the most used venous graft.

This procedure can be performed with cardiopulmonary bypass (CPB) machine (on-pump),
without CPB (off-pump CABG-OPCAB), or beating heart procedures. In the last decade, min-
imally invasive techniques are rising to individual cases. MIDCAB (minimally invasive direct
coronary artery bypass) can be performed without full median sternotomy. This can serve
minimal surgical trauma and avoid wound complication.

TECAB: this is a robotically assisted total endoscopic coronary artery bypass procedure. This
is a complex procedure; surgeon has to steep a learning curve. This procedure can perform
both on-pump and off-pump CABG.

Awake coronary artery bypass (ACAB) procedure: This avoids side effects of general anesthe-
sia. This includes a minimal invasive procedure without intubation and mechanical ventila-
tory support. A somatosensory and motor block is made via the T1-T8 level of vertebra. This
preserves diaphragmatic ventilation.

Early outcomes after CABG continue to improve, and the early cumulative mortality rate is
below 2% and lower than 1% in lower-risk patients. The most common reasons for death are
heart failure (65%), neurologic events (7.5%), hemorrhage (7%), respiratory failure (5.5%), and
dysrhythmia (5.5%).

The survival rate after isolated CABG is higher than 98% for the first month and 97% for first
year, 92% for 5 years, 80% for 10 years, 65% for 15 years, and 51% for 20 years. Usage of LIMA
is a predictive parameter for late survival.
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8. Prevention

Prevention of the coronary atherosclerosis has to be lifelong. Individuals need to be careful for
risk factors. Adopting a healthy lifestyle. What is inside of this healthy lifestyle?

Healthy eating habit for the heart: eating habits are very important in the process of devel-
oping atherosclerosis. Healthy diet consists of low amounts of white bread, unsaturated fat
products, fast foods, salt, and sugar. It also includes eating dairy products, fruits, vegetables,
whole grain, seafood, poultry without skin, lean meats, low-fat milk, or fat-free milk.

After the start of healthy diet for the heart, weight control can be achieved, because over-
weight and obese people have high risk for coronary atherosclerosis.

Physical activity: stressful and sedentary lifestyles are the risk factors for coronary atheroscle-
rosis. So, a programmed physical activity can improve the fitness level and the health of the

individuals.
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Figure 2. Ten year risk of fatal CVD in high risk regions of Europe by gender, age, systolic blood pressure, total cholesterol
and smoking status.
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SCORE - European Low Risk Chart
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Figure 3. Ten year risk of fatal CVD in low risk regions of Europe by gender, age, systolic blood pressure, total cholesterol
and smoking status.

8.1. Stopping tobacco smoking

We have to mention about risk scores and charts. Risk scores can give us several information
about the cardiac risk of our body. This can lead the person to change avoidable habits.

Framingham Risk Score: age, sex, cigarette smoking, cholesterol level, high-density lipopro-
tein (HDL) cholesterol level, systolic blood pressure, and usage of antihypertensive drugs.
Some clinics include diabetes mellitus (DM), low-density lipoprotein (LDL) cholesterol, and
diastolic blood pressure to modify this risk score.

Another risk score system is SCORE risk charts. This includes SCORE —European High Risk
Chart and SCORE —European Low Risk Chart. This score system is based on gender, age,
total cholesterol, systolic blood pressure, and cigarette smoking (Figures 2 and 3).

9. Conclusion

Coronary atherosclerosis and coronary artery disease (CAD) are the most frequent causes of
hospitalization in western countries. It is an important mortality and morbidity cause. The



Focus on Coronary Atherosclerosis
http://dx.doi.org/10.5772/intechopen.77301

onset of the first lesions begins in the first decade of the life period and proceeds with the life-
time. Risk factors are important and decisive for the progression of the atheromatous plague.
A healthy and modified life is the key to prevent from the disease.
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Abstract

The composition of arterial bifurcations primarily changes blood flow and has a sub-
stantial role in the development of vascular disorders. Hence, it is essential to know the
structural physiognomies of the common carotid artery (CCA) and its branches for the
early onset of atherosclerosis in newborns. Some studies were conducted to evaluate
the characteristics of CCA in newborn cadavers. Correlation between area ratios and
atherosclerotic endothelial damage was determined. Investigations demonstrated that
carotid bifurcation regions depicted widespread occurrence of intimal lipid accumula-
tions, while carotid bifurcation region structure demonstrated abundant blood cells and
disconnected endothelial cells. Fibrin collection on endothelial surface in low area ratios
was another essential finding in the examinations of their endothelial surface erosion.
The abovementioned morphological findings seemed to be matching to outflow to inflow
area ratio statistics, favoring low area and degeneration. The correspondence between
area ratios and the histological characteristic of cerebral vessels of newborn cadavers
specifies that the early stages of atherosclerosis began in early embryologic life.

Keywords: carotid artery, cerebral blood flow, endothelium, newborn cadaver

1. Introduction

Atherosclerosis is described by a noticeable condensing and solidification of blood vessels
[1-4]. Obtained risk factors such as high blood pressure, smoking, diabetes mellitus, and dys-
lipidemia are main factors in the onset of atherosclerosis [4-10]. Further, anatomical, histo-
logical, and hemodynamic features of the arteries and the genetic factors are other dynamics
that predispose the onset of atherosclerosis [3-5, 11, 12].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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2. Structural physiognomies of the common carotid artery (CCA) and
its branches

Blood vessels and their luminal physiognomies have long been questioned as additional risk
factors for atherosclerosis referring their stimulus on blood flow [9, 13-15]. Some arteries are
more predisposed for the onset of the atherosclerotic plaques on the endothelial surface [2, 4,
10, 15, 16]. Current studies specified that the variations in the luminal diameter of the vessel
have a collision on the beginning of atherosclerosis [3, 5, 6, 13].

Carotid artery is one of the two main vessels that stream blood to brain. Obstruction in the
carotid artery leads to erosion and causes some brain symptoms. The anatomical elements
of the common carotid artery (CCA) and its branches receive attention from researchers and
clinicians, referring their scientific and clinical results. Also, another important factor is their
involvement in plaque formation [7, 8, 10, 13, 17-21]. Hence, it is essential to distinguish the
anatomical topographies of the CCA and its branches. CCA divides into two branches, that is,
internal carotid and external carotid arteries. Atherosclerosis progresses mainly at bends and
major branches of the arterial network, such as the carotid bifurcation and its subdivisions
[2, 3, 15, 17]. Alike other bifurcation of large vessels, carotid bifurcation at the neck region is
more prone to the initial growth of atherosclerotic plaques [3, 6, 14-16]. Flow models suggest
that vessel anatomy, in particular vessel diameter and area ratios, affects plaque formation
at arterial bifurcations. The carotid bifurcation is one of the most common of atherosclerotic
plaques [2, 3, 9, 20, 22]. Therefore, assessing the diameters of the CCA, internal, and external
carotid arteries (ICA and ECA) is important for evaluating the pathological changes [6, 22-25].

3. The correlation between area ratios and the histological
characteristic of cerebral vessels of newborn cadavers

Despite the progression of atherosclerosis with aging being widely studied, there are limited
studies in newborns. Many studies evaluated the diameters of peripheral vessels in adults,
but only few studies were conducted on CCA and its branches in newborns [3, 6, 12, 19, 22].
Thus, an early beginning of atherosclerosis is suggested to initiate in the early period of life.
Then, the purposefulness was to scrutinize the anatomical and histological characteristics of
cerebral vessels in newborn cadavers. Consequently, it has been hypothesized that variations
in carotid bifurcation lumen geometry would be the self-regulating prognosticators of ICA
atherosclerosis, aiming to reveal the early beginning of atherosclerosis in newborn cadavers.
The relation between the endothelial destruction and the outflow to inflow area ratio was also
been inspected in some studies.

4. Other related predisposing risk factors

Atherosclerosis is a series of complex events that can begin in early fetal life [3, 4, 16, 26].
The onset of atherosclerosis was implied to be connected with several risk factors such as
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diabetes, genetics, and so on [4, 26]. Such as aorta abdominalis, bifurcation regions have been
mentioned as primary locus that is prone to atherosclerosis [6, 20]. In recent studies, it has
been suggested that the vessel diameter and area ratios are hypothetically important elements
of plaque improvement [9, 20, 23]. With this information in mind, it earlier-published find-
ings have been continued [6, 17], by observing the characteristics of vessel positioned in the
bifurcation regions in young cadavers [6, 11, 13, 27].

As specified in the study, a vessel diameter and area ratio (score) are approximately 1.15 [12].
Low ratios could be reflective of increased local stress and endothelial damage. As a predict-
able result, the endothelial reaction to the damage might be amplified permeability accompa-
nied by monocyte adhesion and migration.

The diameters of the CCA, ECA, and ICA have again been analyzed in the recent studies.
The relative vessel dimension was shown to be significant in the progress of the disease [6,
11, 13, 19, 27]. Consequently, ICA/CCA, ECA/CCA, ECA/ICA ratios as well as the outflow to
inflow area ratio have been calculated. Furthermore, vessels have been histologically evalu-
ated using histo-staining methods and scanning electron microscopy (SEM) to determine the
extent to which atherosclerotic pathology exists, if any [3]. The other central aims were to
calculate the mean diameters of CCA, ICA, and relationships between atherosclerosis and
ECA and outflow to inflow area ratio in the newborn period group. These records can be of
use in intravascular composition and also for understanding the changes in these vessels that
occur in fetal life [3].

The substantial intra-individual and inter-individual alterations of the carotid artery have
previously been publicized in some studies [6, 9, 11, 13, 16, 20, 27]. Recently, it has been
tried to discover the answer whether these differences were present in the early period of
life [3].

5. Regarding atherosclerotic plaque establishment

Atherosclerotic plaque formation has been suggested to be thoroughly related to a shrinkage
in the outflow to inflow area ratio [6]. This information has been sustained in several studies
[9, 18, 21, 28-30].

Fisher and Fieman, and Schultz et al.,, publicized that the bifurcation anatomy stimuli the
blood flow that produces the endothelial destruction [9, 20]. Mortensen also declared endo-
thelial impairment and clarified that a quantity of a pulse wave reaching a bifurcation is
reflected, and the higher the quantity of reflection, the more the hemodynamic stress might
progress locally. The increase in the pressure could lead to endothelial destruction and sup-
port atherosclerotic plaque improvement [19]. In terms of endothelial damage, findings pre-
sented parallel results to the literature [3].

Initial examinations of this geometric risk theory were assessed in part, owing to relatively
small sample sizes. Fisher and Fieman studied the conclusions of bifurcation angle and area
ratio asymmetry on the improvement of atherosclerosis [6, 9, 21]. Also, it had limited samples
because of the difficulties in obtaining human cadavers [3].

23
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It has been shown that in early lesions of the atherosclerosis, fatty streaks progress very
early in fetal period [3, 4]. The creation of fatty streaks also depends on many dynamics
such as the susceptibility of the arteries and genetic factors, and the maternal hypercho-
lesterolemia. The locations of a lesion demonstrate variability, and the fatty streaks tend
to occur focally in certain predisposed regions while sparing neighboring unaffected sec-
tions [3]. Abdominal aorta and common carotid are much more prone to the development
of fatty streaks [4]. The intracranial arteries are less prone to laceration enlargement than
extra-cranial arteries; hence, the initial lesions develop in extra-cranial arteries rather than
in intracranial ones [4].

The purpose why certain arteries are more disposed to atherosclerotic changes is not well
understood. The hemodynamic factors and morphologic features of the artery may play a role
[9, 12, 14, 20, 21]. It has been concentrated on the carotid bifurcation [3].

Shultz et al. outcomes [16] demonstrated that variation in carotid bifurcation anatomy is not
restricted to differences in absolute vessel dimension. In addition, vessel diameter and area
ratios diverge between and within individuals [20].

Selected studies, which have studied the relation between bifurcation’s luminal geometry and
the occurrence of cerebral artery aneurysms on angiographic images, have localized athero-
sclerotic lesions at the bifurcations of human cerebral arteries on autopsy cases. However, in
this study, there were no available data on the endothelial topography in bifurcation geom-
etry of newborn cadavers in the CCA and its major branches. For this motivation, histologic
assessment makes last studies more valuable [3, 31].

Gosling et al. analyzed the optimal area ratio of an arterial bifurcation, producing the least
reflection of pressure to be 1.15. That proportion can be close to ideal in human infants; how-
ever, in the long term, the decrease in outflow to inflow area ratio can lead to atherosclerotic
plaque development. Gosling et al. studied 19 cases, with ages ranging from 0 to 10 and the
outflow to inflow area ratio was found to be 1.11 + 0.02 at 0 age group. Uslu’s consequences
were closer to the optimum ratio [3, 12].

Sitzer attempted to deliver a mechanistic link by proposing that their angle or rotation of ICA
origin may be related to the ICA angle of insertion (comparable with the ICA-CCA angle of
Lee et al.), which has been linked to flow turbulences [2, 25].

There are several studies on the diameters of CCA, ICA, and ECA in adults, but few studies
are on newborns. To our knowledge, there are no earlier documents available on the relation-
ship between the diameter of newborn cadavers and the CCA, ICA, and ECA [6].

Sehirli reported the mean outflow to inflow area ratio as 1.10 + 0.33 mm in female and
1.18 + 0.22 mm in male newborn cadavers for the common carotid artery bifurcation [6]. The
consequences of Uslu’s study on intracranial bifurcations show that the means of the outflow
to inflow area ratio in fetal material are close to the optimum value in fetal material for the
cerebral vessels.

Consistent with the results, the luminal geometry of arterial bifurcations impacts the blood
flow that produces endothelial damage [3, 9, 13, 26].
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6. Potential limitations and implications for these types of diameter
calculations

Numerical changes were convincing, but not perfect. Studies were retrospective, compara-
tively small, and focused on an inadequate number of newborn cadavers. Sample availability
was insulfficient for both affected groups and controls. It should also be noted that studies were
not planned to be an epidemiological study, and therefore, groups did not signify the charac-
teristics of a wide-ranging population. Recognition of blood cells and fibrin on the endothelial
surface are interpreted as pathological definitions. Conversely, there might be problems with
the poor fixation of specimens, that is, blood could not be washed out from the arterial lumen
before fixation procedure. Lastly, scanning electron microscopy (SEM) studies can be associ-
ated with various kinds of artifacts. The authors then hope to approve their pathological find-
ings using transmission electron microscopy in upcoming studies. Despite the above possible
limitations, the current studies seem to establish a modest upper bound on the influence of
local versus known or unknown systemic cardiovascular risk factors on wall setting. Thus, last
results are parallel with the earlier ones to support theory that carotid bifurcation geometry
(and/or local hemodynamics) is a risk factor for initial carotid wall solidifying.

7. Conclusion

In newborns, the results showed that the outflow to inflow area ratio was very close to opti-
mum. Recent data can be very helpful for understanding the anatomical variations of the
CCA, ECA, and ICA. The correlations between area ratios and the histologic assessments of
cerebral vessels of newborn cadavers specify that the early stage of atherosclerosis began in
early embryologic life. Last results encourage the hypothesis that carotid bifurcation anatomy
is among the main risk factors for the early onset of atheroma plaques. Still, supplementary
studies are needed to underline the other factors, potentials, and mechanisms.
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Abstract

Atherosclerosis is a disease of chronic inflammation, characterized by a dysfunctional
interplay between the immune apparatus and lipids. Immune cells, as well as nonim-
mune cells, drive plaque inflammation through a complex crosstalk of inflammatory
mediators. The cells are activated by risk factor-induced triggers, which are present in
the circulation and in the vessel wall, such as shear stress, oxidized lipoproteins and oxi-
dative stress. Without relief from risk factors, the activation of inflammatory processes
persists, resulting in a chronic nonresolving inflammation. Inflammation is associated
with severity of disease, and complex lesions, which are prone to rupture and cause acute
events, are characterized by extensive inflammation. Thus, inflammation is an active
driver of atherosclerotic plaque development and a risk factor for atherosclerotic events.
It is therefore of utmost importance to understand the mechanisms behind these inflam-
matory processes and to be able to develop new diagnostics and treatment modalities for
atherosclerotic disorders. This chapter provides a brief overview of the most important
inflammatory players and processes during atherosclerotic plaque development and of
possible therapeutic targets to combat atherosclerotic disease.

Keywords: inflammation, monocytes, macrophages, T cells, cholesterol

1. Introduction

Atherosclerosis is a complex disease of the artery wall. It is the major cause of cardiovascular
disease (CVD), which is the most common cause of death in the world, killing 17.5 million
people each year [1]. Although previously thought of as a disorder of age and cholesterol, it
is now commonly appreciated that atherosclerosis results from a complex interplay between
inflammation and lipids. As early as in the nineteenth century, Rudolf Virchow described
inflammation as an active driver of plaque development; however, the importance of these
findings was not appreciated until over a century later. During this time, modern immunology
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evolved extensively and paved the way for in-depth understanding of how the immune system
works. Identification of adhesion markers on endothelial cells and thus the ability of leukocytes
to migrate into atheromas gave plausibility of inflammation as a contributor in atherogenesis
[2, 3]. Furthermore, findings showing that monocytes [4], and later on that vascular cells [5, 6],
secrete inflammatory mediators were important evidence supporting this. These discoveries
were followed by clinical proof in the 1990s. Immune activation in atherosclerotic plaques was
identified [7], and myocardial infarction was recognized as a potent trigger of CRP release [8].
Since then, an extensive number of animal as well as clinical studies have established inflam-
mation as a major driver of atherosclerotic disease. Regardless of this acceptance, our under-
standing of atherogenic inflammation is far from complete.

2. Inflammatory mediators in atherosclerosis

The evidence for atherosclerosis as an inflammatory disease is solid. The importance of
immune activation in atherosclerosis is demonstrated in several animal models, were removal
of central inflammatory mediators or cell types have been shown to extensively reduce plaque
development [9-11]. Further, both communicable and noncommunicable inflammatory condi-
tions increase the risk of cardiovascular disease (CVD), and CRP is an independent risk factor
of cardiovascular events, both in healthy individuals and in patients with established disease
[12-14]. Moreover, immune cells are present within all atherosclerotic plaques, from early fatty
streaks to complex atheromas. Lesional inflammation increases during the course of plaque
development and is most prominent in vulnerable plaques with large necrotic cores. Immune
cells, but also smooth muscle cells, platelets and endothelial cells are drivers of plaque inflam-
mation. Further, there are numerous different inflammatory triggers contributing to the great
complexity of atherosclerotic plaque inflammation.

2.1. Immune cells in atherosclerotic inflammation
2.1.1. Macrophages: linking lipid metabolism and inflammation in atherogenesis

Macrophages are involved in all stages of plaque development, and are the most important
immune cell in atherogenesis. Monocytes originate from a common stem cell in the bone marrow
and migrate to various tissues where they develop into tissue-specific macrophages. Although
circulating monocytes are a heterogeneous population, it is not known if distinct monocyte sub-
types develop into specific macrophage subtypes in humans. Monocytes from the circulation
are recruited to the intimal layer of an artery by chemokines (e.g., CCL2) and neuronal guidance
molecules (e.g., ephrin-B2). Inside the plaque, the monocytes differentiate to macrophages and
engulf modified lipids through scavenger receptors such as SR-A1 and CD36. These lipid-filled
macrophages, called foam cells, have altered phenotype and immune function. The efferocy-
totic capacity (ability to clear apoptotic cells) is one of the functions affected, and as extensive
cholesterol accumulation is also lethal to the cells, a necrotic core consisting of cell debris and
lipids forms inside the lesion. Plaques with large necrotic cores are associated with an unstable
plaque phenotype and are prone to rupture. Monocyte infiltration and foam cell formation are
key elements in plaque development and provide the main link between lipid metabolism and
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chronic inflammation. There is, however, not only the quantity but also the phenotype of the
macrophages that is important to the fate of the plaque [15]. The terms M1 and M2 describe the
“classical” activated macrophage induced by T helper cell (Th) 1 cytokine interferon (IFN) v
and the “alternatively” activated macrophage induced by Th2 cytokines IL-13 and IL-4, respec-
tively. In short, the M1 macrophages produce pro-inflammatory cytokines and chemokines,
cause tissue injury and promote atherosclerotic plaque development. M2 macrophages are often
divided into “wound healing” and “regulatory” macrophages, the latter induced by immune
complexes and IL-10, and produce anti-inflammatory cytokines and increase plaque stability
[16]. Their pro- and antiatherogenic role is supported by studies showing that plaques enriched
in M2 macrophages are associated with a stable or regressive phenotype and vice versa. Growth
factors, lipids and cytokines produced by vascular cells and immune cells in the plaque affect
the macrophage polarization state. Due to the complexity of inflammatory stimuli present in the
plaque, the terms “M1” and “M2” and “classical” and “alternative” are overly simplified, and it
is more likely that there exists a range of overlapping phenotypes in the atherosclerotic lesions
[15, 17-19].

2.1.2. Dendritic cells are professional antigen presenting cells in the plaque

Another cell of the innate immune system, with great importance for atherosclerotic plaque
inflammation, is the dendritic cell (DC). Increased number of DCs is present in atherosclerotic
plaques of both humans and mice, and also, as described later, in tertiary lymphoid organs
in the adventitia. However, the circulating number of DCs has, by the majority of studies
performed, been reported to be reduced in atherosclerosis, which could reflect hampered
production from the bone marrow as well as increased recruitment to the plaque [20-22]. As
macrophages, the DCs engulf lipids and become foam cells, thereby contributing to plaque
development. On the contrary, it has also been suggested that DCs can control cholesterol
homeostasis and counteract hypercholesterolemia. It is, however, their role as antigen pre-
senting cells (APCs) that is most described in plaque inflammation [22]. Antigen presentation
to T cells occurs both inside the plaque and in the lymphatic tissue, and it is shown that DCs
can leave the atherosclerotic lesion upon signals from the chemokines CCL19 and CCL21
[23]. The different subgroups of DCs activate pro- and anti-inflammatory functions in T cells.
Difficulties in finding DC-specific markers, as well as the broad spectrum of different DC cell
subtypes, have complicated the study of DCs in atherogenesis. There is, however, without
doubt that DCs are important players in atherosclerotic disease [22, 24].

2.1.3. Other innate immune cells in atherogenesis

Neutrophils, mast cells and innate lymphoid cells, such as natural killer (NK) cells, are also
important contributors to inflammation in atherogenesis, and their role is increasingly appre-
ciated. The description of these cell types is beyond the scope of this chapter, but has been
reviewed elsewhere [25-28].

2.1.4. T-cell diversity in atherogenesis

CD4+ Th cells are the most abundant of the adaptive immune cells in the plaque and are there-
fore the most studied. In the plaque, they are activated by epitopes of native as well as oxidative
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LDL presented by antigen-presenting cells (i.e., DCs). Activated T cells can affect atherosclerosis
in two ways: through effector functions in the arterial wall and by activating B cells in lymphoid
organs to produce circulating antibodies [29]. For CD4+ Th cells, several subsets have been
identified. Most is known about the role of Th1l and Th2 in atherosclerosis; however, in recent
years, it has become evident that Th17 and Tregs also are important players in atherogenesis.
Polarization of Th cells is determined by the cytokine environment, and the proinflammatory
Th1 cells are the most abundant T cell in the plaques. Th1 is characterized by secretion of IFN-y,
and Th2 typically secretes IL-4, IL-5 and IL-13. Th17 secretes IL-17 and IL-22, and Tregs secrete
IL-10 and transforming growth factor (TGF)-{. In short, the Th1 cells are proatherogenic, while
Tregs are atheroprotective. The impact of Th2, Th17 and natural killer T cells (NKTs) on athero-
sclerosis has shown more conflicting results, but are all present in the plaque. CD8+ cytotoxic T
cells are also present in atherosclerotic lesions, although less frequent than CD4+ effector cells.
Their activation and importance in atherosclerosis is not completely understood, but they can
exert proatherogenic effects through IFN-y production and macrophage activation or through
their cytotoxic activity. Recently, the CD8" regulatory T cell was described, with possible athero-
protective effects, through modulatory effects on T cell-B cell interaction [30, 31].

2.1.5. B cells and atherogenic antibodies

B cells are divided into two subtypes: B1 and B2 cells, and both of these are involved in athero-
genesis. B1 cells are involved in innate humoral immune response, divide upon self-renewal
in the periphery and produce antibodies with low specificity. In contrast, B2 cells are conven-
tional B cells, which differentiate to plasma cells upon antigen presentation by T cells and DCs
in lymph nodes, producing antibodies with high affinity and thereby contribute in adaptive
immunity [30, 32]. Several animal models with B cell depletion resulting in aggravation of
atherosclerosis have suggested a protective role for B cells in atherogenesis [33, 34]. Specific
depletion of B2 cells has, however, been shown to reduce the development of atherosclerosis,
suggesting subset specificity with regard to B cell atherogenity [35, 36]. In contrast to B2 cells
which are mainly proatherogenic, producing IgG antibodies and activating T cells, B1 cells
produce IgM antibodies, which can bind and thereby block the uptake of oxLDL by macro-
phages, exerting atheroprotective effects [37]. Most of these studies are performed in animal
models, and thus, the importance for B cells in human atherosclerosis is unclear. In contrast to
macrophages and T cells, B cells are only found in some atherosclerotic plaques, and a more
abundant in so-called tertiary lymph organs, in the adventitial layer of the artery.

2.2, Tertiary lymphoid organs: extended plaque inflammation

During chronic inflammatory conditions, lymph-node-like structures, termed tertiary lymphoid
organs (TLOs), can develop. Inmune cells in the adventitial layer of atherosclerotic arteries were
discovered decades ago [38], but the importance of these TLOs for atherosclerotic plaque inflam-
mation is still unknown. Advanced plaques are, however, associated with increased adventitial
inflammation in both humans [39, 40] and Apoe™ mice [41], suggesting that such extended
plaque inflammation is important in the disease process. They likely evolve as a response to
arterial wall inflammation in early lesion development. Medial SMCs are suggested as drivers
of TLO development and are upon inflammatory stimuli shown to attract immune cells into
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adventitia by production of the lymphorganogenic chemokines CXCL13 and CCL21 [42, 43].
The TLOs have a different composition of immune cells than the macrophage-rich plaques and
is mostly composed of dendritic cells, T cells and a high number and diversity of B cells [43, 44].
This supports the role of TLOs as sites for T-cell training [45] and activation of local humoral
immune responses [37]. A recent paper suggests that TLOs participate in atheroprotection [45],
however, as the plaque itself, the TLOs can harbor both pro- and anti-inflammatory mediators,
and thus, the net effect of adventitial inflammation is still elusive [46].

2.3. Inflammatory mechanisms of nonimmune cells in atherosclerosis

Plaque development does not occur randomly, but typically at curvatures and branching
points in the arteries. At these sights, the shear stress activates the endothelial cells lining
the arterial wall, leading to structural, molecular and functional alterations in the cells.
Atheroprone flow activates the Nf-Kf3 pathway and TLR2 expression in endothelial cells
as well as a spectrum of other conduits leading to increased endothelial proliferation and
inflammation. The activated endothelial cells adhere leukocytes and stimulate neighboring
cells, e.g. vascular smooth muscle cells (VSMCs) [47-49]. Upon atherogenic stimuli, that
is, from the activated endothelium, VSMCs undergo so-called phenotype switching. They
progress from quiescent contractile to proliferative and migratory cells. These cells pos-
sess atheroprotective functions, as they produce extracellular matrix and proteoglycans,
which protects the plaque from rupture. They do, however, also accumulate lipids and
become macrophage-like foam cells, contributing to plaque development [50, 51]. Further,
they express adhesion molecules such as VCAM-1 and ICAM-1 and thereby contribute to
retention of monocytes and macrophages in the lesions [52, 53]. Thus, VSMCs can have
both protective and destructive effects, depending on the stage of plaque development, and
the stimuli present. Inflammatory monocytes can further stimulate VSMCs to secrete pro-
atherogenic matrix metalloproteinases (MMPs), which increase the risk of plaque rupture
through thinning of the fibrous cap [54]. Further, VSMCs produce a variety of cytokines,
activating immune cells, endothelial cells and other VSMCs in the lesion [51]. The inflam-
matory, atheroprone contribution of VSMCs is however probably under-communicated,
as lack of cell-specific markers complicates their identification. Macrophages can express
“classical” smooth muscle cell markers (i.e., a-actin and SM22a), and vice versa (i.e., CD68
and Mac2), and this is determined by the presence of lipids and inflammatory stimuli in the
plaque [55, 56]. The local inflammatory micro milieu will therefore decide the inflammatory
contribution of smooth muscle cells to atherogenesis by regulating the transition of VSMC
into inflammatory cells. Thus, there is a need for better markers to more correctly determine
the role of VSMCs in atherosclerotic inflammation.

Also nonimmune cells in the circulation can contribute to the inflammatory milieu during
atherogenesis. In addition to their most known roles as blood clotting cells, platelets also
possess a great inflammatory potential. In a bidirectional manner, platelets interact with
both leukocytes and endothelial cells to communicate inflammation. They express a variety
of inflammatory mediators and receptors and contribute to atherosclerotic inflammation
throughout disease development, from development of fatty streaks to thrombus formation.
For an extensive review of the role of platelets in atherogenesis, see [57].
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3. Inflammasome activation: a central inflammatory driver of
atherosclerosis

Inflammasomes are intracellular immune sensors, which are tightly controlled. They assem-
ble upon stimuli from tissue damage, infection or metabolic disturbances, and their activa-
tion results in production of the pro-inflammatory cytokines interleukin (IL)-18 and IL-18.
There are several different inflammasomes, but the NOD-like receptor containing a pyrin domain
3 (NLRP3) inflammasome is the most described and is an important constituent of innate
immune apparatus. The NLRP3 inflammasome is a multimeric protein complex, which upon
activation assembles and attracts caspase-1 molecules, which then is activated by self-cleavage.
Active caspase-1 cleaves pro-IL-1f3 and pro-IL-18 to active cytokines ready for secretion [58, 59].
IL-1B is a prototypical proatherogenic cytokine, and NLRP3 is thus an important contributor
to atherosclerotic inflammation. Cholesterol crystals, which deposit in atherosclerotic lesions,
can activate the inflammasome both in vitro and in vivo [60, 61]. Further, the nonlipid danger
signal ATP stimulates foam cell formation and cell migration through inflammasome activa-
tion [62]. Thus, the inflammasome promotes atherogenesis through inflammatory, as well as
noninflammatory pathways, induced by lipid- as well as nonlipid stimuli. The NLRP3 inflam-
masome is present and activate in human atherosclerotic plaque [61]. Further, LDL receptor
(LDLR)-deficient mice which received bone marrow from NLRP3-deficient mice show attenu-
ated atherosclerosis, and silencing of NLRP3 in ApoE-deficient mice stabilizes atherosclerotic
plaques, pointing to an important role in atherosclerotic disease development [60, 63].

4. Danger signals in atherosclerosis

Inflammation is a part of the body’s response to harm, either from microbes, such as virus and
bacteria, from burns or toxins, or from injury. The main function is to eliminate the insult, remove
damaged tissue and restore tissue homeostasis. In atherosclerosis, the signals of harm, termed
triggers, are numerous. In contrast to infectious disease, the most typical triggers in atherogen-
esis are however sterile. These are termed damage-associated molecular patterns (DAMPs) and
are host-derived danger signals released upon tissue damage, metabolic disturbances, or envi-
ronmental stress. The risk factors of CVD include hyperlipidemia, smoking, hypertension and
hyperglycemia, and all these factors cause DAMPs. There is, however, also evidence supporting
a role for pathogens in atherosclerosis. These are termed pathogen-associated molecular pat-
terns (PAMPs). Bacterial and viral microbes are found in atherosclerotic plaques and are associ-
ated with disease risk [64, 65]. In addition to pathogens, gut microbiota is a potential source
of PAMPs, also linked to atherogenesis [66]. The causal relationship between the endogenous
DAMPs and atherosclerosis is stronger than for PAMPs. Microbes do not seem to be required for
atherogenesis, as germ-free mice are not protected against disease [67]. The DAMPs comprehend
the necessary evil of atherogenesis, namely lipids. As mentioned, the interaction between lipids
and immune activation is the hallmark of atherosclerotic disease. Nonmodified fatty acids can
activate immune responses, and while saturated fats are shown to stimulate inflammation, poly-
unsaturated fats are repressors [68]. It is, however, the modified lipids that are the typical triggers
during atherogenesis. In hyperlipidemia, LDL undergoes oxidation, forming oxidation-specific
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epitopes (OSEs), an important class of DAMPs in atherosclerosis [65, 69]. Cholesterol saturation
inside the plaques leads to the formation of cholesterol crystals, which are important activators of
the NLRP3 inflammasome (see Section 3) [60]. Other crystal structures can also serve as DAMPs,
such as monosodium urate (MSU) crystals, which are composed of crystalized uric acid that
contributes to the increased risk of atherosclerosis in patients with gout [70]. Moreover, lipids,
nucleic acids and proteins can be modified in the presence of sugars, forming advanced glycation
end products (AGEs), which activate immune responses through specialized receptors. These
DAMPs are especially prevalent in diabetic subjects, promoting atherosclerosis through vascular
dysfunction and increased inflammation [71, 72].

Necrotic cores of complex lesions are huge sources of inflammatory stimuli. In contrast to
apoptosis, which is silent, necrosis and pyroptosis activate innate immune responses through
the release of DAMPs such as heat shock proteins, nucleic acids, uric acid and ATP [65, 73, 74].
Further, as immune cells accumulate and the plaque develops, the demand for oxygen exceeds
the availability, leading to hypoxic conditions. Hypoxia can activate the NLRP3 inflamma-
some and stimulate the polarization of M1 macrophages, causing increased inflammation in
the plaques [75, 76]. Further, as mentioned, mechanical stress in the artery wall can also be a
trigger of inflammation by stimulating endothelial activation, with subsequent activation of
immune cells and VSMC in the artery wall.

The presence of risk factors provides continuous production of triggers, resulting in defective
rescue mechanisms and persistent immune stimulation. Without relieve of these stimuli, a
nonresolving inflammation develops, which is a hallmark of atherogenesis.

5. Defective resolution in atherosclerosis

Inflammation is a beneficial process; however, it becomes detrimental if the response is too
strong or too long. Cessation of inflammation was previously thought of as a passive process;
however, it is now known that resolution of inflammation is a highly active process, involv-
ing a complex network of mediators. For inflammation to stay homeostatic, these mecha-
nisms need to be intact. Atherosclerosis is characterized by a chronic nonresolving low-grade
inflammation. Thus, a defective resolution of inflammation is an important contributor to
atherosclerotic development and sustainability. Resolution is driven by endogenous spe-
cialized lipid-derived mediators (SPMs), which are synthesized from fatty acids, as well as
proteins such as IL-10, M1 macrophages and the nucleotides inosine and adenosine. These
stimulate tissue repair and regeneration and can therefore be distinguished from the clas-
sical anti-inflammatory signals, which are merely antagonists of pro-inflammatory signals.
In a normal immune response, the production of SPMs is initiated by the production of the
pro-inflammatory prostaglandins. Defective resolution in atherosclerosis can be summarized
in three processes: (1) sustained inflammation, (2) increased infiltration/reduced egress of
immune cells and (3) defective efferocytosis. In early atherosclerotic plaques, the efferocy-
totic capacity of macrophages (ability to clear apoptotic cells) is sufficient. Thus, inflamma-
tory cells are cleared from the lesion, and this process elicits the release of anti-inflammatory
mediators that counteract the plaque development. In advanced plaques, the efferocytotic
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capacity is however, as mentioned, compromised, leading to reduced clearance of dead cells,
secondary necrosis and stimulation of the pro-inflammatory environment and growth of the
necrotic core. SPMs are shown to counteract these processes and stabilize plaques [73, 77].
However, in advanced atherosclerotic lesions, the ratio of SPMs to pro-inflammatory media-
tors is decreased, and the administration of SPMs counteracts atherosclerotic disease develop-
ment. These findings provide a mechanistic explanation for the defective resolution observed
in atherosclerotic disease [78, 79]. To further map the production, regulation and function of
pro-resolving mediators in atherosclerosis will be of great importance to increase our under-
standing of how the inflammation in atherosclerosis becomes nonresolving.

6. Inflammation: a therapeutic target in atherosclerotic disease

Despite the great success of modern treatment modalities, atherosclerosis is still the leading
cause of mortality and morbidity worldwide. For example, high-dose statin treatment and
other standard measures only prevent a fraction of recurrent events in survivors of ML This
residual burden of events presents a pressing unmet medical need, and novel perspective
on atherogenesis is needed to treat those who are not met by the current treatment regimes.
An interesting new therapeutics is the enzyme proprotein convertase subtilisin-kexin type
9 (PCSK9) inhibitors. PCSK9 binds to the hepatic low-density lipoprotein (LDL) receptor,
thereby inhibiting recycling of this receptor, resulting in attenuated removal of LDL cho-
lesterol (LDL-C) from the circulation. The importance of PCSK9 for LDL-C homeostasis is
illustrated in individuals with loss- and gain-of function mutations in this enzyme leading
to hypo- or hypercholesterolemia, respectively, with dramatic effects on the incidence of ath-
erosclerotic disease. Recent studies have shown that anti-PCSK9 therapies markedly reduce
LDL-C levels, leading to lower incidence of adverse cardiovascular disease (CVD) outcomes
in high-risk patients with hyperlipidemia [80]. In patients with LDL levels that remain above
the treatment target, despite statin treatment (residual LDL risk); adding a PCSK9 inhibi-
tor should be considered. Recent network meta-analysis demonstrates that PCSK9 inhibitors
significantly reduce LDL cholesterol, on top of medium to high statin therapy [81]. Of direct
relevance for inflammation, a very recent study, the CANTOS trial, suggests that those with
residual inflammatory risk could benefit from interleukin-1p inhibition by Canakinumab.
This anti-inflammatory treatment resulted in reduced cardiovascular risk, independent of
lipid-lowering effects [82]. Another exciting approach to target inflammation in atheroscle-
rosis is the pro-resolving mediators SPMs. In contrast to anti-inflammatory agents, these
ligands will not compromise host defense, one of the most important challenges of immuno-
suppressive therapeutics. Many experimental studies have shown the