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Arteriosclerosis  

• Arteriosclerosis literally means “hardening of the arteries” 

• Generic term for arterial wall thickening and loss of elasticity 

• Three general patterns (different clinical and pathologic 
consequences) 

• Arteriolosclerosis 
• Small arteries and arterioles 

• Downstream ischemic injury 

• Two anatomic variants, hyaline and hyperplastic 





Arteriosclerosis  

• Mönckeberg medial sclerosis 

 

• Calcification of the walls of muscular arteries 

• Internal elastic membrane 

• Older than age 50 

• Calcification do nor encroach on the vessels lumen 

• Usually not clinically significant 

 





Arteriosclerosis  

• Atherosclerosis (AS) 

• Greek root words for “gruel” and “hardening”  

• A thin liquid food of oatmeal or other meal boiled in milk or water 

• Most frequent and clinically important pattern 

• Underlies the pathogenesis of coronary, cerebral and peripheral 
vascular disease 

• More morbidity and mortality (roughly half of all deaths) in the 
Western world than any other disorder/disease 
• Myocardial infarction 

• Aortic and carotid atherosclerotic disease and stroke 



Epidemiology  

• Coronary artery disease (CAD) - important manifestation 

• Epidemiologic data related to atherosclerosis mortality - reflect 
deaths caused by ischemic heart disease (IHD) 

• Adoption of Western lifestyles increased prevalence in developing 
nations 

• Soviet Union - highest ischemic heart disease-associated mortality 
rate 
• 3 to 5 times higher than the United States 

• 7 to 12 times greater than Japan 



Epidemiology – Risk factors  

• The prevalence and severity of AS and IHD – risk factors 

• Some risk factors – constitutional – less controllable 

• Others - acquired or related to specific behaviors - amenable to 
intervention 

• Risk factors identified through a number of prospective analyses (e.g., 
Framingham Heart Study) 

• Risk factors have multiplicative effect 

• Two factors - increase risk - four-fold 

• Three (i.e., hyperlipidemia, hypertension and smoking), increase risk 
by a factor of seven 

 



Major risk factors for atherosclerosis 

Non-modifiable (constitutional) 

• Genetic abnormalities 

• Family history 

• Increasing age 

• Male gender 

Modifiable  

• Hyperlipidemia  

• Hypertension 

• Cigarette smoking 

• Diabetes 

• Inflammation  



Estimated 10-year rate of coronary artery disease in 55-year 
old men and women as a function of established risk 
factors (hyperlipidemia, hypertension, smoking and diabetes) 



Constitutional risk factors 

• Genetics 
• Family history - most important independent risk factor 

• Certain Mendelian disorders (familial hypercholesterolemia) - strongly 
associated with AS 

• Age 
• Dominant influence 

• Between ages 40 and 60, the incidence of myocardial infarction increases 
five-fold 

• Death rates from ischemic heart disease rise with each decade 



Constitutional risk factors 

• Gender  

• Premenopausal women 
• Relatively protected (other factors being equal)  

• Myocardial infarction and other complications of atherosclerosis 
uncommon 

• After menopause - incidence of atherosclerosis-related diseases 
increase in women 

• At older ages - exceeds that of men 

• Favorable influence of estrogen has long been proposed to explain 
this effect 



Constitutional risk factors  

• Gender  

• Clinical trials of estrogen replacement – do not protect 

• Post-menopausal estrogen replacement - actually increased 
cardiovascular risk 

• Atheroprotective effect of estrogens - related to the age at which 
the therapy is initiated 
• In younger postmenopausal women - estrogen therapy diminishes 

coronary atherosclerosis 

• In older women - estrogen therapy appears not to benefit 



Modifiable major risk factors: Hyperlipidemia 

• Hypercholesterolemia - major risk factor for AS 

• Hypercholesterolemia alone - sufficient to initiate lesion development 

• The major component of serum cholesterol associated with increased 
risk - low-density lipoprotein (LDL) cholesterol (“bad cholesterol”) 

• LDL – delivers cholesterol to the periphery 

• HDL - mobilizes cholesterol from the periphery (including atheromas) 
- transports it to the liver for excretion in the bile 

•  Higher levels of HDL (“good cholesterol”) correlate with reduced risk 



Modifiable major risk factors: Hypertension  

• Major risk factor for AS 

• Both systolic and diastolic levels are important  

• Hypertension: can increase the risk of ischemic heart disease by 60%  

• Chronic hypertension: most common cause of left ventricular 
hypertrophy - a surrogate marker for cardiovascular risk 



Modifiable major risk factors: Cigarette smoking 

• Well-established risk factor for both men and women 

• Prolonged (years) smoking: one pack of cigarettes or more daily 
doubles the death rate from ischemic heart disease 

• Smoking cessation: reduces the risk substantially 



Modifiable major risk factors: Diabetes mellitus 

• Induces hypercholesterolemia 

• Markedly increases the risk of atherosclerosis 

• Two fold increased risk of MI 

• Increased risk of stroke 

• 100-fold increased risk of atherosclerosis-induced gangrene of the 
lower extremities 



Additional risk factors??? 

• 20% of all cardiovascular events occur in the absence of overt risk 
factors (e.g., hypertension, hyperlipidemia, smoking, or diabetes) 

 

• More than 75% of cardiovascular events in previously healthy women 
occur with LDL cholesterol levels below 160 mg/dL (levels generally 
considered low risk) 

 



Additional risk factors: Inflammation 

• Present during all stages of atherogenesis 

• Circulating markers of inflammation: correlate with ischemic heart 
disease risk 

• C-reactive protein (CRP): one of the simplest to measure and one of 
the most sensitive 
• Acute phase reactant synthesized primarily by the liver 

• CRP’s causal role in atherosclerosis - controversial 

• Plasma CRP: strong, independent marker of risk for myocardial infarction, 
stroke, peripheral arterial disease and sudden cardiac death 

• Also a useful marker for gauging the effects of risk reduction measures 



Additional risk factors 

• Hyperhomocystinemia: 
• Serum homocysteine levels correlate with coronary atherosclerosis, 

peripheral vascular disease, stroke and venous thrombosis  

 

• Metabolic syndrome: 
• Central obesity, insulin resistance, hypertension, dyslipidemia, 

hypercoagulability and a proinflammatory state 

• Dyslipidemia, hyperglycemia and hypertension - cardiac risk factors 

• Systemic hypercoagulable and proinflammatory state: contribute to 
endothelial dysfunction and/or thrombosis 



Additional risk factors 

• Lipoprotein a levels: associated with coronary and cerebrovascular 
disease risk, independent of total cholesterol or LDL levels 

• Factors affecting hemostasis: markers of hemostatic and/or 
fibrinolytic function - potent predictors of risk for major 
atherosclerotic events, including myocardial infarction and stroke 

• Other factors: 
• Lack of exercise 

• Competitive, stressful life style 

• “Type A” personality) 

• Obesity 



Pathogenesis of atherosclerosis  

• “Response to injury” hypothesis 

• AS: chronic inflammatory and healing response of the arterial wall to 
endothelial injury 

• Chronic inflammation: initiation and progression of AS lesions 

• Lesion progression: complex interactions -   
• Modified lipoproteins, monocyte-derived macrophages and T lymphocytes 

with endothelial cells and smooth muscle cells of the arterial wall 

 



Pathogenesis of atherosclerosis: Progression  

• Progression of AS - in the following sequence: 

• Endothelial injury and dysfunction - increased vascular permeability - 
leukocyte adhesion and thrombosis 

• Accumulation of lipoproteins (LDL and its oxidized forms) in the vessel wall 

• Monocyte adhesion to the endothelium - migration into the intima and 
transformation into macrophages and foam cells 

• Platelet adhesion 

• Factors released from activated platelets, macrophages and vascular wall 
cells: induce smooth muscle cell recruitment 

• Smooth muscle cell proliferation, extracellular matrix production and 
recruitment of T cells 

• Lipid accumulation both extracellularly and intracellularly 



Evolution of arterial wall 
changes in the ‘response to 

injury’ hypothesis 

1. Normal  
 

2. Endothelial injury with monocyte and 
platelet adhesion 
 

3. Monocyte and smooth muscle cell 
migration into the intima, with macrophage 
activation 



Evolution of arterial wall 
changes in the ‘response to 

injury’ hypothesis 

4. Macrophage and smooth muscle cell 
uptake of modified lipids, with further 
activation and recruitment of T cells 
 
5. Intimal smooth muscle cell 
proliferation with extracellular matrix 
production, forming a well-developed 
plaque 





Morphology: Fatty streaks - facts 

• Lipid-filled foamy macrophage 

• Begin as multiple minute flat yellow spots - coalesce into elongated 
streaks -  1 cm long or longer 

• Not sufficiently raised to cause any significant flow disturbances 

• Fatty streaks can evolve into plaques 

• Not all fatty streaks destined to become advanced lesions 

• Aortas of infants can exhibit fatty streaks 

• Present in virtually all adolescents those without known risk factors 

• Coronary fatty streaks: begin to form in adolescence – at the same  
anatomic sites that later tend to develop plaques 

 

 



Fatty streaks  



Fatty streaks  



Morphology – Atherosclerotic plaque 

• The key processes: intimal thickening and lipid accumulation - which 
together form plaques 

• Atheromatous plaques: white-yellow and encroach on the lumen of 
the artery 

• Superimposed thrombus over ulcerated plaques: red-brown 

• Plaques vary in size but can coalesce to form larger masses 

• Patchy - usually involve only a portion of arterial wall 

• Rarely circumferential 

 



Morphology – Atherosclerotic plaque  

• Three principal components: 

• Smooth muscle cells, macrophages and T cells 

• Extracellular matrix, including collagen, elastic fibers, and 
proteoglycans 

• Intracellular and extracellular lipid 



ATHEROMA 
AORTA 









Atheromatous plaque – coronary artery 



Atherosclerotic plaques: clinically important 
pathologic changes 
• Rupture, ulceration or erosion of the surface – leads to thrombosis 

• Thrombus – partial or complete occlusion of the lumen 

• Hemorrhage into a plaque - Rupture of the overlying fibrous cap or of 
the thin-walled vessels in the areas of neovascularization 

• Atheroembolism - Plaque rupture - discharge atherosclerotic debris 
into the bloodstream – ‘microemboli’ 

• Aneurysm formation - Atherosclerosis-induced pressure or ischemic 
atrophy of the underlying media with loss of elastic tissue - weakness 
and potential rupture 



Atherosclerotic plaque rupture and thrombus 



Stages of atherosclerosis 



Fatty streak – skin (Xanthoma) 





Consequences of atherosclerotic disease 

• Major targets of atherosclerosis: Large elastic arteries (e.g., aorta, 
carotid, and iliac arteries) and large and medium-sized muscular 
arteries (e.g., coronary and popliteal arteries) 

• Symptomatic atherosclerotic disease: arteries supplying the heart, 
brain, kidneys and lower extremities 

• Major consequences of atherosclerosis: Myocardial infarction (heart 
attack), cerebral infarction (stroke), aortic aneurysms and peripheral 
vascular disease (gangrene of the legs)  

 



Atherosclerotic lesions – Clinicopathologic 
manifestations 



Atherosclerotic lesions – Clinicopathologic 
manifestations 
• Atherosclerotic stenosis:  

• AS plaques gradually occlude vessel lumina, compromising blood flow 
and causing ischemic injury 

• “Critical stenosis”: stage at which the occlusion is sufficiently severe 
to produce tissue ischemia 

• Occlusion produces a 70% decrease in luminal cross-sectional area: 
chest pain may develop with exertion (so-called stable angina) 

 



Atherosclerotic lesions – Clinicopathologic 
manifestations 
• Atherosclerotic stenosis:  

• Acute plaque rupture: the most dangerous consequence AS 

• Chronically diminished arterial perfusion: consequences of flow-
limiting stenoses 
• mesenteric occlusion and bowel ischemia 

• sudden cardiac death 

• chronic ischemic heart disease 

• ischemic encephalopathy 

• intermittent claudication (diminished perfusion of the extremities)  



Atherosclerotic lesions – Clinicopathologic 
manifestations 
• Acute plaque change: 

• Plaque erosion or rupture is typically promptly followed by partial or 
complete vascular thrombosis  

• Plaque changes fall into three general categories: 
• Rupture/fissuring: exposing highly thrombogenic plaque constituents 

• Erosion/ulceration, exposing the thrombogenic subendothelial basement 
membrane to blood 

• Hemorrhage into the atheroma, expanding its volume 



Atherosclerotic lesions – Clinicopathologic 
manifestations 
• What causes rupture of a plaque? 

• Unable to withstand mechanical stresses generated by vascular shear 
forces 

• Events that trigger abrupt changes in plaques and subsequent 
thrombosis 
• intrinsic factors (plaque structure and composition)  

• extrinsic elements (blood pressure, platelet reactivity, vessel spasm) 



Atherosclerotic lesions – Clinicopathologic 
manifestations 

Vulnerable plaques: 
• thin fibrous caps 
• large lipid cores 
• greater inflammation 

Stable plaques: 
• thickened and densely 

collagenous fibrous caps 
• minimal inflammation 
• underlying atheromatous core 



Atherosclerotic lesions – Clinicopathologic 
manifestations 
• Thrombosis: Partial or total thrombosis superimposed on a disrupted 

plaque is a central factor in acute coronary syndromes 
• Mural thrombi in a coronary artery can embolize 

• small embolic fragments of thrombus - in the distal intramyocardial 
circulation - microinfarcts – sudden death 



Atherosclerotic lesions – Clinicopathologic 
manifestations 
• Vasoconstriction: Vasoconstriction compromises lumen size, and, by 

increasing the local mechanical forces, can potentiate plaque 
disruption 

• Vasoconstriction at sites of atheroma stimulated by  
• circulating adrenergic agonists 

• locally released platelet contents 

• endothelial cell dysfunction with impaired secretion of endothelial-derived 
relaxing factors (nitric oxide) relative to contracting factors (endothelin) 

• mediators released from perivascular inflammatory cells 

 



Take home message  

• Atherosclerosis: intimal-based lesion 

• Atherogenesis: driven by an interplay of vessel wall injury and 
inflammation 

•  Atherosclerotic plaques: develop and grow slowly over decades 

• Stable plaques: narrowing vessel lumens - symptoms related to 
chronic ischemia 

• Unstable plaques: dramatic and potentially fatal - ischemic 
complications - acute plaque rupture, thrombosis or embolization 

• Stable versus vulnerable unstable plaques:  




