PATHOLOGY 425

ATHEROSCLEROSIS

Dr. J.E. Dimmick

1.
What you should know when finished this lecture:

1.1
The risk factors and their role in atherogenesis.

1.2
The morphology of atherosclerosis and the morphological evolution from inception.

1.3
The cells (and cell parts, i.e. platelets) involved in atherogenesis and their role.

1.4
The role of lipids in atherosclerosis.

1.5
The updated "Response to injury" hypothesis of atherogenesis.

1.6
The pathology created by atherosclerosis.

2.
References

2.1
Robbins, pp.556‑569.

2.2
Rubin & Farber.

3.
Definition:

Atherosclerosis is a disease initially of the vascular intima, involving large muscular arteries and the aorta, and hallmarked by the fibrofatty plaque (atheroma).  The latter is comprised of a lipid (mainly cholesterol) core and a fibrous cap.  Atherosclerosis is one form of arteriosclerosis.  Other forms are arteriolosclerosis (see hypertension) and, of little significance, Monkeberg's medical calcific sclerosis.

4.
Morphology of atherosclerosis:

4.1
Cells participating in atherosclerosis are:

endothelium;

monocytes (macrophages);

platelets (cell parts);

smooth muscle cells.

4.2
Atherosclerotic lesions are irregularly distributed.  Foremost to leastmost are:  abdominal aorta, coronaries, popliteal, carotid, thoracic aorta, orifices of renal and mesenteric.  Are often at bifurcations.

4.3
"Prelesional" lesion.  In the experimental model, the earliest lesion is adhesion of monocytes to endothelium and lipid in the intima.

4.4
Fatty dot or streak.  In autopsy material, the presumed earliest lesion is an accumulation of lipid (mostly cholesterol), particularly intracellularly in the intima.  Lipid is taken up by macrophages and smooth muscle cells (both become "foam" cells).

4.5
Fibrofatty plaque (atheroma).  This is an elevated, lumen‑narrowing mass lesion covered by endothelium, then collagen beneath which is a predominately extracellular pool of lipid containing crystallized spicules of cholesterol.  Foam cells are at the periphery of the pool.

4.6
Complicated plaque.  This lesion creates most of the secondary pathology (clinical disease).  The characteristics are:  calcification, hemorrhage into the plaque, surface fissures with resultant thrombosis, plaque rupture with atheromatous embolization, and atrophy of the vessel media resulting in aneurysmal dilatation.

5.
Risk factors for atherosclerosis.

These may be ranked as major and treatable, minor and treatable, and untreatable.

5.1
Major and treatable:

5.1.1
Hyperlipidemia (hypercholesterolemia).

Undeniably important;  risk is X 5 higher if serum cholesterol is >265 mg/dl compared to those with <220 mg/dl.

Genetic factors important as exemplified by Familial hypercholesterolemia (defect in LDL receptors).

Dietary factors also important, especially total fat, saturated fat, and cholesterol intake.  The kind of fat (e.g. fish oils) is important.  Lipoproteins and apolipoproteins are important, e.g. LDL levels are directly proportionate to atherosclerosis high risk, HDL indirectly so.  (See also material from Dr. Frohlich).

Lipoprotein and cholesterol are important constituents of atheromas.  Increased LDL may damage endothelial cells, may be abnormally increasingly transported to or leak into the intima.  LDL also becomes oxidized in intima, initiates injury, and attracts monocytes.

5.1.2
Hypertension.

Persistently elevated diastolic pressures >105 mmHg have a X 4 risk compared to those < 84 mmHg.  Hypertension causes endothelial injury, endothelial permeability increases and leakage occurs between endothelial cells.

5.1.3
Cigarette smoking.

            
Risk for ischemic heart disease (from atherosclerosis) is 70‑200% increased with smoking of 1 package or more per day.  Mechanism is uncertain, does increase endothelial permeability.

5.1.4
Diabetes mellitus.

            
Increased risk in part due to hyperlipidemia.

5.2
Untreatable risk factors:

5.2.1
Age: risk increases with age.

5.2.2
Sex: males at greater risk than females.

5.2.3
Familial disposition.

5.3
Minor and treatable risk factors:

5.3.1
Obesity.

5.3.2
Sedentary life style.

5.3.3
Stressful life style.

Collision of MAJOR risk factors is additive for ischemic heart disease (due to atherosclerosis):

3 factors present = X 7 risk

2 factors present = X 4 risk

1 factors present = X 2 risk

6.
Pathogenesis of atherosclerosis.

The major theory today (Response to Injury Hypothesis) holds that atherosclerosis results from the response to repeated injury of endothelial cells.

Injurious agents are:

hypertension (hemodynamic factors);

smoking;

hyperlipidemia (LDL);

immune factors.

Responses to injury are:

Monocyte adhesion to endothelium;

Platelet adhesion to endothelium;

Increased endothelial permeability to lipids;

Elaboration of growth factors by endothelium, monocytes and platelets;

In response to growth factors smooth muscle cells modify, proliferate and enter intima at site of injury.  Monocytes enter intima and with smooth muscle cells take up lipid becoming "foam" cells.

Modified smooth muscle cells produce collagen, elastin, proteoglycans.  When the injury is repeated, an atheroma results as foam cells gradually degenerate releasing lipid and more collagen accumulates.  Unless interrupted, the lesion may progress to a complicated plaque.

Atherosclerosis then, may be regarded as an injury ‑ repair phenomenon.

7.
Pathology created by atherosclerosis.

Atherosclerosis begins in infancy and reaches its clinical horizon, when disease manifests initially, in the forties.  Clinical disease is due especially to the complicated plaque with:
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8.
Diagnosis and therapy.

8.1
Laboratory diagnosis involves mainly plasma lipid analyses and tests of end organ function or injury.  (See Dr. Frohlich's material re lipids).

8.2
Treatment:

8.2.1
Preventative;

8.2.2
Medical therapy of hyperlipidemia, hypertension, diabetes;  support for injured end organs.

8.2.3
Surgical therapy is largely reparative "plumbing".
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