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Coronary Artery Disease and Vascular Diseases

Atherosclerosis
Hypercholesterolemia and Hypertriglyceridemia
I  Anatomy of Blood Vessels

A. Artery Types

1. Elastic Arteries

a. Tunica Intima is much thicker than in muscular arteries.  The bulk is sub-endothelial CT and contains elastic fibers:  Lesion 


(AS which does not occur elsewhere.  


i.  The vascular membrane is only the endothelium w/ BM (p496)

b. Tunica Media is thick w/ elastic fibers hence, elastic artery

c. Tunica Adventitia:  “The 2nd Pump”:  diastolic pressure determined by recoil of elastic fibers in the aorta to maintain force/stress.  With aging, elastic fibers degenerate everywhere.  

d. Vasa Vasorum:  lesion ( 1(, 2(, 3( syphilis

2. Muscular Arteries:  no lesions

3. Arterioles:  controls TPR ( BP/HTN

B. 3 layers present in all blood vessels except capillaries

1. Tunica intima

2. Tunica media

3. Sub-endothelial connective tissue

C. Vascular Membrane

1. Endothelium

a. Antithrombogenic properties

b. Thrombogenic properties

c. Endothelial produced substances

2. Basement Membrane

II. Vascular Defects


A.  Major Vascular Diseases

1. AS

2. Thrombophlebitis

3. Varicose Veins

D. Major Anatomical Changes that lead to disease

1. Dilation/Aneurism ( possible rupture

2. Stenosis ( ischemia

3. Endothelial damage ( thrombus formation

E. Congenital Anomalies (skip the others in the notes)

1. Berry/Cerebral aneurisms:  w/in Circle of Willis

a. Congenital, but Sx don’t develop until pt develops HTN ( rupture (DDx dissecting aneurism of aorta d/t HTN)
Arteriosclerosis-AS (cause of >50% of deaths in USA):  Atherosclerosis, Medial Calcific sclerosis, Arteriolosclerosis)

III. Atherosclerosis

A. Atherosclerosis-most important form (> 50% of deaths in the Western world)

1. 1( affected vessel: affects tunica intima of elastic arteries and large to medium sized muscular arteries

2.     Sx do not develop for 30-40 yrs (IDDM:  possibly on 15-20 yrs) when significant lesions develop. 

a. Sx most often localized to a. supplying the heart, brain, kidneys, lower ext. and small intestine

b. Abdominal aorta, iliac arteries (aneurysm) > coronary (AMI)  >  thoracic aorta (aneurysm), femoral, popliteal a  > internal carotid 


(CVA) > vertebral, circle of Willis (CVA)

c.
Aortic involvement is usually around the openings of major branches


-i.e. opening of testicular a often have plaques ( sterility

   


d.
Circle of Willis, coronary and femoral and popliteal a. are muscular a.( ( gangrene of lower ext w/ the latter two a.)




e.  
Upper ext. and renal a. are usually spared except for the renal openings


B.
Complicated or Secondary plaque:  evolves from the atheroma


1.
Result in calcification ( brittle, weaker wall that is easily disrupted (marker for development)




a.  dystrophic calcification ( cracks, fissures, hemorrhaging ( thrombus formation aneurisms (abdominal aorta)
2.
Complication

a. Ischemia, possible infarction

b. Thrombosis and infarction

c. Thrombosis, embolism and infarction

d. Aneurysms



4.
Epidemiology

a. 25% of AMI d/t AS of coronary arteries

b. 54% of all deaths in US are d/t arteriosclerosis:  single leading cause of death w/ 1.5 million MI’s per year

c. Accounts for 43% of all deaths related to CVD and for 150.000 Americans per year, the only Sx is a fatal MI (In 1977 ( 14% of all deaths d/t AS)

d. Most AS stat’s come from CAD

e. Number of Deaths:  Scotland > Finland > USA >>>>>>>>>>Asian countries (unless they live in a Western Country)

5.
Major Risk Factors

a. Age:  from 10-55 there is a dramatic ( in AS ( age 35-50 most Sx begin to appear 


> 35:  men have 5X greater chance than women (possibly d/t hormones, menstruation( ( total Fe content d/t Fenton 


reaction ( ( .OH ( free radical damage to endothelium in conjunction to other damaging substances and the oxidation of 


LDL’s)

b. Hyperlipidemia (table 12-3?)  many believe total cholesterol should be <160 mg/dL,  @ 265 mg/dL there is a 5X difference in developing AS  than someone w/ 220 mg/dL

i. Familial Hypercholesterolemia:  autosomal dominant, may be most common genetic dz in US (1:500)


-( LDL receptors ( LDL cannot be taken up by hepatocytes ( ( serum LDL

ii. Acquired Hypercholesterolemia

· Nephrotic Syndrome

· Hypothyroidism

c. Elevated lipoprotein a

d. HTN:  develops more quickly w/ AS and AS develops more quickly w/ HTN

e. Cigarette smoke damages the endothelium ( loss of endothelial vasodilatory and antithrombotic properties

f. Diabetes/ insulin resistance:  IDDM freq. develop severe AS, AMI’s by 25-30 yr. ( ( endothelial pathology

g. ( plasma homocysteine:  may cause endothelial dysfunction through free radical damage; also interferes w/ vasodilator and antithrombotic functions of NO.

h. Factors affecting hemostasis and Thrombosis:  

i.
( plasminogen activator inhibitor-1 (PAI-1)


ii.
Inflammation:  ( fibrinogen and CRP

i. Lifestyle factors:  proper exercise ( (HDL, stress, OCP’s

j. Obesity

k. Dietary concerns

l. Chlamydia exposure

m. Family Hx

n. Heavy metal toxicity

IV. Pathophysiology:  intimal thickening and lipid accumulation (atheromatous plaques
A. The response to injury hypothesis considers atherosclerosis to be a chronic inflammatory response of the arterial wall initiated by some form of injury to the endothelium.

1. Chronic Injury to Endothelium (oxidized lipids, homocysteine, Chlamydia pneumoniae, etc.)  

a. ( endothelial permeability, leukocyte adhesion

b. Insulation of lipoproteins into the vessel wall

2. ( monocyte infiltration to tunica intima ( inflammation

a. Produce IL-1 and TNF ( lymphocytes congregate to the area

b. Production of toxic oxygen species that also cause LDL oxidation (this is a target for therapy):  anthocyanins block LDL oxidation by 50% (berries, grapes, etc).  Considering wine, the alcohol will metabolize into aldehydes and other harmful products; thus
c. Production of Growth Factors that may contribute to smooth mm cell proliferation



3.     Smooth mm cells are recruited from tunica media by cytokines from damaged endothelial cells and macrophages( 



        proliferation of smooth mm cells (major process that convert fatty streak into atheroma) ( fibrous formation (collagen, elastin, 



        proteoglycans)

4. Foam cell formation first by macrophage accumulation of lipid then by smooth mm cells ( formation of fatty streaks (not of the category of early life fatty streaks from 1-10yr)

5. Platelet adhesion to focal areas of denudation or to adherent leukocytes


6.
Lipid rich necrotic core formation ( atheroma (fibro-atheroma (complicated lesion

B.
Atheroma/fibrofatty plaques (Fig 12-6):  raised focal plaque w/in the intima 

1. Fibrous cap:  smooth mm cells, dense CT matrix of collagen, elastic fibers and proteoglycans

2. Shoulder:  macro’s, smooth mm cells, T-lymphs

3. Lipid core: intracellular and extracellular lipid deposits (mostly cholesterol and cholesterol esters), cellular debris, lipid laden foam cells, thrombus and plasma proteins

4. Peripheral neovascularization

5. Size:  <1.5 cm then begin to coalesce

C. 
Complicated lesion:  complications

1. Calcification:  advanced disease 
2. Focal rupture/gross ulceration of luminal surface of plaque ( exposure of highly thrombogenic substances ( thrombus formation or d/c of debris into the blood stream causing microemboli

3. Hemorrhage into a plaque from rupture of fibrous cap or capillaries that vascularize the plaque

4. Superimposed thrombosis on disrupted lesion ( partial to complete vascular occlusion and possible incorporation w/in the plaque by organization.

5. Aneurysmal dilation: atrophy of media w/ loss of elastic tissue

D.
Problems w/ description

1. Fatty streaks are only theoretical precursors and, if so, not all are destined to become precursors 

2. Timing of fatty streaks is perplexing

3. Smooth mm cells found in areas from time of birth called myointimal cell masses:  clones (oligoclonal)

4. Fatty streaks often occur in areas that are not generally susceptible to developing atheromas. 
E.
General Theories of formation  



1.
Initial lesion ( Fatty Streak ( Fibrous Plaque(atheroma ( calcification of necrotic tissue ( wall weakening ( clot formation/hemorrhage ( plaque rupture ( thrombosis



2.
LDL oxidation (HDL pulls cholesterol out of plaque)

a. Chemotactic for monocytes and stimulates macro’s to take up fat 

b. ( adhesion of macro’s to endothelium

c. Inhibits motility of macro’s already in lesions ( recruitment and retention of macro’s in plaques

d. Cytotoxic to endothelial and smooth mm cells

e. Stimulates release of GF’s and cytokines

f. Immunogenic


3.
BM exposed ( thrombus formation ( 




a.
Becomes hardened by deposition of 



b.
Lines of Zahn

c.
Recanalization

V. Medial Calcific Sclerosis:  disease of medium size muscular arteries (vs. AS ( large muscular arteries) pt. >50 yrs
A. Calcification of the middle to outer 1/3 of the tunica media of muscular arteries 

1. Femoral, tibial, radial, ulnar, gonadal, coronary brachial arteries

2. Irregular medial plates or discrete transverse rings that create a nodularity, but do not encroach on the vessel lumen
3. Can be superimposed on atherosclerosis

VI. 
Arteriolosclerosis: (most common dz in Western world leading to sig. morbidity)

A.  
Hyaline Arteriolosclerosis



1.
Can precipitate HTN:  hyperactive arterioles ( HTN ( alteration in arterioles ( hyaline AS ( more HTN

a. Wall of arteriole has becomes hard, glassy and pink while lumen decreases in size ( HTN

b. Freq. seen in diabetics, elderly, mild HTN

2.  
Renal afferent arteriolosclerosis ( HTN


B.
Hyperplastic Arteriolosclerosis

1. Concentric layers of smooth mm cells, reduplicated BM and collagen fibers d/t ( stress on lumen d/t HTN

a.  Wall necrosis (necrotizing arteriolitis



2.
Usually assoc w/ diastolic P>110 or malignant HTN which will not create the hyaline form


C.
Consequences



1.
Sclerosis of arterioles ( HTN usually only Sx (if severe ( infarct)



2.     Ischemic encephalopathy:  no inflammation or necrosis, neurons die d/t lack of ATP ( turn red (“dead red neurons”)

-Cerebral cortex layers 2, 4, 6

3.     Occlusion of mesenteric vessels (  gangrene of the intestines:  mucosal infarcts

VII. Coronary Artery Disease:  Clinical Implications

A. Clinical Manifestations

1.
Angina
2.
Myocardial Infarction
Treatment

Anyone with a family Hx of heart disease should have a diet rich in anthocyanins.  Eat berries to tolerance.  

Atherosclerosis

Atherosclerosis is the common final pathway of many conditions.

· Dietary Factors:  
· Pritikin or Ornish diet may be advisable in more advanced cases.  Supplementation of such diets with a small amount of 




essential fatty acids may be necessary (1-3 tsp qd).  

· The diet should be low-to-moderate in fat. Eggs may be used in moderation, but scrambled eggs should be avoided, because breaking the yolk may result in thermal oxidation of the cholesterol. Emphasize whole foods, including fruits, vegetables, whole grains, nuts, seeds, legumes (particularly soy).  Fish should be included, emphasizing those rich in (-3 fatty acids such as salmon, mackerel, tuna, cod, etc.  Extra-virgin olive oil, onion and garlic should be emphasized.  Red wine may be used moderately (one to two glasses daily).


Avoid :

· trans fatty acids which are found in most margarines and foods that contain partially hydrogenated vegetable oil.

· fried foods

· excessive caffeine intake (more than 1 cup of coffee per day?)

· chlorinated water as it is a pro-oxidant

· refined sugar

· white flour

· homogenized milk, although skim milk is OK

· scrambled eggs and overcooked animal products due to thermal oxidation of cholesterol.

Supplements:  (Note: The nutrients listed below have been shown, in human and/or animal studies, to prevent or reverse atherosclerosis. The dosages suggested below are for treatment; presumably, lower doses would be effective for prevention. The combination of folic acid (2.5 mg/day), pyridoxine (25 mg/day), and vitamin B 12 (250 (g/day) has been shown in an uncontrolled trial to induce regression of carotid atherosclerosis in humans, even when homocysteine levels were not elevated.

	Folic acid
	0.8-5 mg/day
	Intervention trial:  prevention of AS through regulation of homocysteine

	vitamin B6
	25-100 mg/day.  The beneficial effect appears to be due, at least in part to mechanisms unrelated to the lowering homocysteine levels.
	Possible prevention by improving homocysteine metabolism and probably through inhibition of platelet aggregation and promotion of tissue integrity (cofactor for lysyl oxidase with copper)

B6:  inhibits platelet adhesion and prothrombin and is a cofactor for lysyl oxidase.  Defective cross linking of collagen in genetically prone B6 deficiency may be a factor.  Low B6 is an independent risk factor for atherosclerosis.  10-15 mg/day is a preventive dose for biochemically reasonable individuals.  People with genetic homocysteinemia may need up to 100 mg/day.  

	vitamin C
	1,500-10,000 mg/day, divided doses 
	Controlled study: 500 mg tid for 2-6 months Induced regression of femoral atherosclerosis in 6-10 patients.  Vitamin C has been found to inhibit platelet aggregation, increase HDL cholesterol and prevent endothelial dysfunction in humans.

Vitamin C deficiency has been associated with AMI prior to developing scurvy.

	vitamin E
	400-1,600 IU/day
	Controlled studies w/ conflicting results: 100-400 IU/day may reduce the risk of myocardial infarction

	Fish oil concentrate
	1-3 g qd
	Especially indicated if the diet does not include oily fish at least once a week.

	Magnesium
	300-600 mg/day
	See the discussion of magnesium above.  

	selenium
	50-300 (g/day
	

	chromium
	100-500 (g/day
	

	zinc
	15-30 mg/day
	

	copper
	1-3 mg/day
	

	silicon
	
	animal and epidemiological studies demonstrate atherosclerosis prevention

	manganese
	3-6 mg/day
	

	Nattokinase
	250 mg bid ic enteric coated or 100 g natto bid (natto contains vit. K, nattokinase does not)
	Natto is a Japanese fermented soy preparation.  Nattokinase is a derivative.  Animal and small human studies show fibrinolytic acitivity, TPA activity and urokinase activation activity lasting 8-12 hours. 


· Other Factors:  

·  
Hypothyroidism:  For prevention, identify and treat hypothyroidism.  Delayed DTR is a strong clinical correlation to the response to thyroid hormone according to Dr. Gaby.  BBT, using axillary temperature, is also a strong correlator.  Carotenodermia is also a potential indicator.  


While thyroid-replacement therapy may prevent the development of, or progression of, atherosclerosis, it may also trigger angina or acute myocardial infarction.  Therefore, thyroid therapy should be undertaken cautiously in patients with established atherosclerosis.  


The most common dose is one grain.  In 5-10% of patients, as little as ¼ grain can be effective.  Tissue resistance to thyroid hormone 

is rare but may be implicated.  In regard to thyroxine therapy, patients often do not respond to the calculated dose (based on TSH levels) but to a higher dose or a dose including T4 and T3 which is what the thyroid actually secretes (Armour is 4 T4: 1T3, normal is 10 T4: 1 T3,  thyrolar is a synthetic 4:1).  


There is a large population who has normal lab values but symptoms indicate hypothyroid and who respond to thyroid hormone. Cytomel (T3) is beneficial in some patients.  The need for thyroid hormone also decreases with age (dose should be reassessed at 60).  In general, patients should be weaned off after 1.5 years of therapy over4 wks.  2/3 of patients do not need to continue therapy.    (Reading:  B. Barnes.  Hypothyroidism:  the Unsuspected Illness.)

· Wilson’s syndrome is an alleged syndrome of improper conversion of T4 to T3.  Rather, rT3 is formed.  Therapy involves timed doses of T3 in gradually escalating doses every 12 hours.  The patient monitors their temperature and when it reaches the target temperature the patient begins weaning.  The problems with this treatment involve dangerously high doses of T3.  One death and one AMI have occurred with this treatment.

Hypercholesterolemia and Hypertriglyceridemia

· Dietary Factors:  

· Include soy protein (the FDA has approved the function claim that soy lowers cholesterol), oat bran or whole oats, whole rye, garlic, onion grapefruit and apples (sources of pectin), raw carrots, nuts (particularly walnuts), yogurt, high-chromium brewer’s yeast and alfalfa sprouts.

· Avoid refined sugar and refined carbohydrates, as these types of carbohydrates are atherogenic (raise LDL and lower HDL).  High-complex-


carbohydrate diets are helpful in some cases. Identify and avoid allergenic foods.

· Avoid unfiltered coffee

· Dietary fiber supplements, such as pectin or psyllium may lower total- and LDL-cholesterol levels.

· Weight loss and diet should be utilized for at least for a few months for effects to be noted.  
· Recommendations for hypertriglyceridemia are similar to those for hypercholesterolemia.  However, particular emphasis should be 


placed on the avoidance of triglycerides in the diet.

· The diet should be low in cholesterol and saturated fat for most individuals. The use of rice bran oil (ferulic acids), as a substitute for other oils in the diet, has been shown to lower cholesterol and triglyceride levels. The ingestion of moderate amounts of eggs does not adversely affect lipid levels in the majority of patients. Eggs may be used in moderation, but scrambled eggs should be avoided, because breaking the yolk may result in thermal oxidation of the cholesterol.  Fish should be included, emphasizing those rich in (-3 fatty acids such as salmon, mackerel, tuna, cod, etc.  Extra-virgin olive oil, onion and garlic should be emphasized.  Red wine may be used moderately (one to two glasses daily).



Egg white has the highest absorption of any protein.  As people age, the liver cannot produce cholesterol as effectively.  Cholesterol 


is a very energy intensive product.  Thus, adding egg can be very effective for nutrition.  Likewise, adding eggs to the diet during detox can 


lower the metabolic burden on the liver.



There is no evidence demonstrating that high cholesterol is a risk factor if HDL is at appropriate levels.  Nor is there evidence that a 


person with higher cholesterol and taking antioxidants is at higher risk than a person is in the normal range and not taking antioxidants.


carotenoids, extra-virgin olive oil, strawberries (Cur Ther Res:  juice plus study)

· Lipid Lowering Medications:

Statin drugs inhibits HMG CoA reductase thereby inhibiting the production of cholesterol and CoQ10.  They reduce the occurrence (15-30%) and recurrence (40%) of heart attack.

acetate (HMG ( mevalonate (cholesterol

(
CoQ10

Clofibrate reduces cholesterol but has no reduction in risk of heart attack and increases risk of gall stones and gall bladder cancer.  Cholestyramine is a bile acid sequestrant.  It likely depletes fat-soluble vitamins also.  Benefit is questionable.


If cholesterol is <130 and on a cholesterol lowering drug, they should not be on the drug.  There is a higher incidence of violent deaths with patients on cholesterol lowering drugs with low cholesterol.

“Baby” aspirin:

Side Effects:  bruising, nose bleeds

Can substitute with Gingko biloba, w-3 FA’s; Salix/ Populus work on the same mechanism however with no Side effects

	Key Nutrients

	Niacin 

(not niacinamide)
	1000-3000 mg/day. Lower doses (100 mg/day) may be helpful when used in combination with chromium (200-500 (cg/day) 
	Has been reported to reduce total serum cholesterol, LDL cholesterol and triglycerides and to increase HDL cholesterol.  Niacin is the only substance to show decreased mortality when compared with drugs.  Yet, considering the skin flush and the risk of other sided effects, niacin is not usually recommended as first-line therapy.  

	Inositol hexa-nicotinate
	500-1,000 mg qd
	A few reports have demonstrated effects, however, it does not appear to be as effective as niacin.  Not enough research has been completed with higher doses.  There is no skin flush and little to no risk of hepatotoxicity.  Regardless, transaminase levels should be monitored with long-term use of any form of niacin.

	Pantethine
	300 mg 3-4 times/day.
	Controlled trials:  Reduces serum cholesterol and triglyceride levels and to raise HDL cholesterol in patients with hyperlipidemia.  No significant adverse effects have been noted.  

	Calcium
	800-1,800 mg/day
	Controlled and uncontrolled trials:  Calcium has reduced serum cholesterol and triglyceride levels in some but not all studies (15-20% change seen).

	Supportive Nutrients

	Vitamin E
	400-1,200 IU
	Currently believed to be the most potent lipid antioxidant.

	(3 and 6 FA’s
	1-3 g qd
	Fish oil ((3’s) lowers triglyceride.  For hypertriglyceridemia fish-oil concentrate, 5-10 g/day, may lower serum triglyceride levels. The effect of fish oil on total and LDL cholesterol levels is variable (i.e., increase, decrease, or no change).

	Vitamin C
	2,000-3,000 mg/day
	may raise HDL cholesterol

	Vitamin B6
	25-100 mg/day
	The beneficial effect of vitamin B6 appears to be due, at least in part, to mechanisms unrelated the lowering homocysteine levels.

	Folic acid
	0.8-5 mg/day
	

	Magnesium
	300-600 mg/day
	may raise HDL cholesterol

	Lecithin
	19 grains, 2 capsules tid
	may raise HDL cholesterol

	L-carnitine
	250 mg tid
	May lower total serum cholesterol and triglycerides and raise HDL-cholesterol levels.  However, administration of L-carnitine may result in paradoxical increases in cholesterol and/or triglyceride levels in the occasional patient.

	CoQ 10
	30 mg qd, more if heart disease is present
	Replaces CoQ10 lost by statin medications, which can be demonstrated by muscle weakness.  If muscle weakness persists, order CPK to evaluate for rhabdomyolysis.

	Chromium
	200-1,000 (g qd with niacin, 100 mg qd
	· double-blind studies (conflicting results):  may decrease serum cholesterol and increase HDL levels

· 2 case reports:  Chromium used in combination with low doses of niacin (100 mg/day) produced a substantial reduction in serum cholesterol in 2 case reports.  

	Trace minerals
	
	selenium (50-300 mcg/day), zinc (15-30 mg/day), copper (1-3 mg/day) and manganese (3-6 mg/day).


· Other Factors:  
· Thyroid hormone, if appropriate, produces marked lowering of cholesterol in some cases.  

Caution: While thyroid-replacement therapy may prevent the development of, or progression of, atherosclerosis, it may 

also trigger angina or acute myocardial infarction. Therefore, thyroid therapy should be undertaken very cautiously, 

beginning with lower-than-normal doses, in patients with established atherosclerosis.

Botanical Therapeutics

· Commiphora mukul (Guggul Lipid): 500 mg tid.  Studies in animals and humans suggest that this extract lowers cholesterol and triglyceride levels.  Hypercholesterolemic patients responded better than did hypertriglyceridemic patients.

· Allium cepa

· Allium sattivum
· Crataegus spp.
· Monascus (Red yeast rice):  possibly 20-26% reduction in LDL within 6 weeks.  Speculation is that the side effects are not the same as with statin drugs.  It has been used since 80 BC in China as a fermenting substance.  Contains 13 different types of statins. In one double-blind study:  After 8 weeks, Cholestin lowered mean total and LDL cholesterol levels by 17% and 22%, respectively, compared with placebo.  No adverse effects were noted.  2.4 g/ day:  provides 5 mg/day of lovastatin, as well as 8 other compounds that inhibit HMG-CoA reductase.(Cholestin; Pharmanex Inc.  Can not be sold in US but available on the internet from Canada or Mexico, $28/month)

· Fiber
