Pathophysiology of Atherosclerosis
Arteriosclerosis is hardening of the arteries.  Atherosclerosis is a subset of arteriosclerosis, and is 
the formation of atheromas (fibrous fatty intimal plaques) in arterial walls.
Atherosclerosis is the principle cause of death in the Western world.
Age is the biggest risk factor, followed by smoking.

Natural history of Atherosclerosis:  stable angina ( unstable angina ( MI ( complications ( death
Pathology of Atherosclerosis:

1.  Fatty Streak (yellow streak of lipid-filled macrophage foam cells.  Lipid gets deposited 

first, then macrophages infiltrate and ingest it).  Asymptomatic.  Does not occlude.

2.  Fibrous Plaque (whitish yellow lump occluding lumen of coronary arteries, aorta, 


and carotids.  Includes foam cells and smooth muscle cells).  Stable angina.

3.  Thrombus (plaque rupture causes exposure of BM, platelet aggregation, and thrombus).  

Unstable angina or MI.
Pathophysiology of Atherosclerosis
The endothelium plays a huge role.  The intimal endothelium becomes dysfunctional, losing its 
ability to produce NO, and starting to express selectins/integrins for leukocyte recruitment.

Endothelial cells normally provide a permeability barrier, reduce clotting, and regulate vascular tone.  

**NO is a vasoprotective gas released by endothelium.  NO is vasodilatory, anti-thrombotic, and 
anti-inflammatory.  NO activates guanylate cyclase to generate cGMP, which causes 
smooth muscle relaxation/dilation.  NO blocks vascular inflammation by inhibiting 
endothelial releaase of inflammatory granules.  It also blocks platelet aggregation.  
Endothelial cells lose ability to produce NO due to inflammation, toxins, atherosclerosis, or 
oxidized LDL.  Endothelial dysfunction leads to monocyte recruitment and atherosclerosis.
ACh stimulates NO release and dilation.  In people with atherosclerosis, NO is not generated, 
and ACh will act directly on smooth muscles to produce “paradoxical vasoconstriction.”
Initial inflammation ( endothelial dysfunction ( monocyte recruitment/differentiation to intima 
( growth factors stimulate smooth muscle proliferation ( platelet activation/aggregation


( atheroma with thin fibrous cap, no more NO protecting vessels

Atherosclerosis is an inflammatory disease.  This is why levels of C Reactive Protein closely 
correlate with and predict MI.  Aspirin reduces inflammation and can reduce risk of MI.


LDL cholesterol, cigarettes and other toxins initiate vascular inflammation, damage 
endothelium, and activate macrophages.

LDL cholesterol can deposit in tissues.  Even worse, radicals may oxidize LDL cholesterol.  
Oxidized LDL is very toxic, and directly kills endothelial cells and activates macrophages.
 
Toxins such as nicotine and homocysteine have a similar effect.  Hypertension can cause 
formation of the radicals that oxidize LDL.
**Monocytes are recruited by rolling (selectins), activation (ICAMs/integrins), adhesion, 
diapedesis, 
and migration.  Macrophages in the intima will produce growth factors (stimulate smooth 
muscles and fibroblasts), TNF-α, and superoxide radicals that oxidize LDL.  Macrophages 
are a big part of atherogenesis.
Smooth muscle cells become activated (“synthetic”) by macrophage growth factors.  They 
proliferate in the intima and secrete lots of ECM proteins (collagen, proteoglycan).
**MI occurs when heart needs more oxygen and vasodilation.  Vasodilation will be blocked by 
inability to make NO, or by atherosclerotic occlusion of the coronary vessels.  MI can 
also occur if the plaque ruptures, forming an occlusive thrombus.  Plaques may rupture 
if there is a thin cap and there is HTN (shear stress) or sympathetic activation.  Plaque 
rupture causes thrombus formation, which will lead to unstable angina or MI.
In other words, MI occurs if:


1.  There is not enough NO to dilate coronary arteries


2.  Coronaries are occluded by plaque


3.  Plaque ruptures and forms a thrombus
(Raymond removed images of atherosclerotic plaques and hemorrhage thereof.)
