Review of Starlings Law
-force of ventricular contraction is proportional to the cardiac muscle fiber length

-cardiac output is what the veins return

-the muscle fiber length is proportional to the ventricular diameter

-output and venous volume should be the same

-the greater the stretch the stronger the contraction (actin and myosin)
-3 factors that influence venous return:


-auxiliary muscle pumps


-resistance to flow between peripheral vessels and the right atrium


-right atrial pressure, elevation of which will impede venous return

Hemodynamics
-the study of the movement of blood throughout the circulatory system, along with the regulatory mechanisms and driving forces involved
-deals with:


- pressure (amount exerted against atria & ventricles)


-resistance (afterload) of arteries



-vessel size



-viscosity


-flow



-cardiac pump potential (Starlings Law)



-volume

Cardiac

-Pulmonary circulation (right heart) into lungs, oxygenated and sent back to heart

-Systemic circulation (left heart) pump blood to all of body except lungs

-3 layers of heart wall


-Pericardium



-Parietal and visceral



-pericardial cavity and fluid-enables sliding with minimum friction


-Myocardium



-thickness relates to amount of resistance it must overcome to pump blood


-Endocardium

-Endothelium


-responsible for slickness and preventing clots


-dysfunction contributes to vascular disease

-Right atrium (unoxygenated) has Tricuspid valve and atrioventricular valve
-Left atrium (oxygenated) has Bicuspid (Mitral) valve and atrioventricular valve
-Right ventricle (unoxygenated) 

-Left ventricle (oxygenated)

-During ventricular relaxation the 2 atrioventricular valves open and blood flows from higher pressure atria to relaxed ventricles

-The semilunar valves of the heart open when intraventricular pressure exceeds aortic and pulmonary pressures and blood flows out of the ventricles and into pulmonary and systemic circulations
-After ventricular contraction and ejection, intraventricular pressure falls and the pulmonic and aortic semilunar valves close, preventing backflow into the right and left ventricles 
-Arteries

-Arterioles

-Capillaries (sites of gas exchange)

-Venules (collect blood from capillaries)

-Veins 


-most of the venous drainage of the heart occurs thru veins in visceral pericardium

-Blood flow-moves from higher to lower pressure

Cardiac Cycle

-Diastole (relaxation, blood fills ventricle)
-Systole (active, contraction, propel blood out ventricles and into circulation)
-5 Phases:


-Atrial systole (ventricle diastole)


-Ventricular systole (AV valves pushed shut-ventricle volume is constant)


-Ventricular ejection (semilunar valves open)


-Ventricular relaxation (closure of aortic valve)


-Ventricular filling (opening of mitral valve)

Blood Flow:

-RA (Tricuspid)-RV (Pulmonic)-Pulmonary artery-Lungs (Pulmonary veins)-LA (Mitral)-LV (Aortic)-Aorta-Body-back to RA by inf. vena cava
Venous Return (at risk of injury-prolonged sitting, bed rest, long flight)
-Negative pressure

-Smooth muscle contraction

-Skeletal muscle contraction

Cardiac Output Factors

-Heart Rate

-SA node (pacemaker)     -AV node (regulates impulses between atria & ventricles

-Autonomic Nervous System (fight/flight), (norepinephrine/epinephrine)


-Parasympathetic Nervous System (slows action potential of heart)

-Stroke Volume 

-Cardiac Contractility


-Preload (pressure generated in ventricles at end of diastole), filling pressure



-force of venous return


-Afterload (resistance to ejection during systole)



-arterial pressure
-Cardiac Output=Heart rate x stroke volume

-Apical Impulse: SA node-AV node-Bundle of HIS-branches-Perkinjie Fibers
Arterial Pressure

-Peripheral Resistance x Cardiac Output


-Baroreceptors send out hormones to monitor this

-Regulations 


-Sympathetic branch of ANS


-Renin-angiotensin-aldosterone system

-Kidneys


-Primary organ of blood pressure control
(ANS) Autonomic Nervous System (fight/flight response)

-Increases cardiac tone and heart rate

-Baroreceptors


-low pressure sensors


-located in Aorta and Carotid arteries and in Renal Afferent arterioles
DRUGS
Sodium Nitroprusside: drug of choice for hypertensive emergencies
Fastest acting antihypertensive agent, give IV, don’t put in light

-onset immediate

-brown (freshly mixed)-blue-bluishgreen discard

-potent venous and arterial vasodilator

-Adverse effects, 


-Thiocyanate toxicity (occur over time in patient, accumulates)


-Cyanide poisoning (acutely, gave drug too quickly)


-Excessive hypotension


-reflex tachycardia minimal

-By adjusting infusion rate, blood pressure can be depressed to almost any level, when infusion is stopped, blood pressure returns to pretreatment levels in minutes
-Can trigger retention of sodium and water, furosemide can help offset this effect

Mechanism of Action:

-once it body, breaks down to release nitric oxide which activates guanylate cyclase, an enzyme present in VSM. Guanylate cyclase catalyzes the production of cyclic GMP, which causes vasodilation. This is similar to nitroglycerin.

Metabolism: contains 5 cyanide groups, which are split free in the first step of nitroprusside metabolism. Nitric oxide, the active component is released next. Reactions take place in smooth muscle. Once freed, the cyanide groups are converted to thiocyanate by the liver, using thiosulfate as a cofactor. Thiocyanate is eliminated by the kidneys over several days.
Therapeutic Uses:

-hypertensive emergencies-used to lower blood pressure in hypertensive patients

-oral antihypertensive medication should be imitated
-furosemide may be needed to prevent excessive retention of fluid

Other uses:

-approved for producing controlled hypotension during surgery and has been employed to treat severe, refractory congestive heart failure and myocardial infarction

Adverse effects:
-excessive hypotension-can cause drop in blood pressure if administered to fast, results in headache, palpitations, nausea,  vomiting, and sweating
-cyanide poisoning-cyanide buildup buildup most likely in patients with liver disease and in those with low stores of thiosulfate-can be minimized with rapid infusion an by coadministering thiosulfate, if cyanide toxicity occurs, nitroprusside should be withdrawn.

-Thiocyanate toxicity-when given for several days, thiocyanate may accumulate

Adverse Effects-involve CNS


-disorientation, psychotic behavior, and delirium

Initial infusion rate-0.3, maximal 10 mcg/kg/min
If infusion doest produce drop in blood pressure, then stop it.
Monitor blood pressure with arterial line or electronic monitoring device.

Don’t mix with any other drugs.

Digoxin (Lanoxin):

-a cardiac glycoside
-Positive inotropic effect increases myocardial contractility
-increased cardiac output (muscle control, tone)

-decreased sympathetic tone

-increased urine production

-tiny therapeutic window (time that drug can be given) 
-caution: 


-hypokalemia (digitoxicity)


-elevated digoxin levels (halos around things)


-heart disease 


-cardiotoxicity (balance potassium levels)

-therapeutic range: 0.5-1.1 ng/ml

-used for heart failure and dysrhythmias 

-when used for HF, can reduce symptoms, increase exercises tolerance, decrease hospitalizations, but doesn’t prolong life and when used by women, may shorten life

Chemistry:

-3 components: 


-steroid nucleus


-lactone ring


-3 molecules of digitoxose (a sugar)
-the sugars increase solubility
-the region of steroid nucleus and lactone ring is responsible for the pharmacologic effects

Mechanical Effects on Heart:

-exerts positive inotropic action on heart (it increases force of ventricular contraction, which can increase cardiac output)
Mechanism of Inotropic Action:

-increases myocardial contractility by inhibiting the enzyme sodium, potassium-ATPase

-inhibition of sodium, potassium-ATPase promotes calcium accumulation within myocytes, the calcium then augments contractile force by facilitating the interaction of myocardial contractile proteins: actin and myosin

Relationship of potassium to Inotropic Action:
-potassium ions compete with digoxin for binding to sodium, potassium-ATPase

-when potassium levels are low, binding of digoxin to sodium, potassium ATPase in increases which can produce excessive inhibition of sodium, potassium ATPase with toxicity

-when potassium levels are high, inhibition of sodium, potassium ATPase is reduced

-so increase in potassium can impair therapeutic responses and decrease can cause toxicity

-normal range: 3.5 to 5 mEq/L

Hemodynamic Benefit in Heart Failure:

-increased cardiac output (digoxin shifts the failing heart fiber strength to stroke volume to healthy heart causing cardiac output to rise which increases arterial pressure)
Consequences of Cardiac output: (can reverse HF but do not correct problem)
-decreased sympathetic tone (heart rate drops (more ventricular filling), afterload reduced (b/c of arterial constriction, allowing ventricular emptying), venous pressure reduced so there is reduction of cardiac distention, pulmonary congestion, and peripheral edema
-increased urine production (increased renal flow, this loss of water reduces blood volume which reduced cardiac distention, pulmonary congestion, and peripheral edema)
-decreased renin release (increased arterial pressure, which then levels of aldosterone and angiotensin II decline-this decreases vasoconstriction, afterload, and venous pressure-the decrease in aldosterone reduces retention of sodium and water, which reduces blood volume and venous pressure), less sodium
Neurohormonal Benefits in HF:

-at dosages below those needed for positive inotropic effects, digoxin can modulate the activity of neurohormonal systems
-increases sensitivity of baroreceptors, signaling CNS to reduce sympathetic traffic to periphery

Adverse Effects: Cardiac Dysrhythmias

-most serious effect (mostly atrioventricular block with escape beats)

-all patients should be evaluated for changes in heart

-outpatients should take pulse

Hypokalemia (muscle weakness):

-most common cause

-increased digoxin causes increased automaticity of Purkinje fibers

-serum potassium levels must be kept within normal range

Managing Digoxin Induced Dysrhythmias:
-withdraw digoxin and potassium wasting diuretics
-monitor serum potassium


-IV or PO


-potassium displaces digoxin from sodium, potassium ATPase which helps reverse toxicity


-if AV block is present, don’t give more potassium

-phenytoin and lidocaine can be used for an antidysrhythmic drug

-use atropine for bradycardia and AV blocks

Drug Interactions:

-diuretics (help restore potassium levels from hypokalemia)
-ACE inhibitors and ARBs (use caution, can decrease therapeutic responses to digoxin by increasing potassium levels)
-sympathomimetics (increase rate and force of contraction, but caution of tachycardia)
-Quinidine (cause plasma levels of digoxin to rise)
-Verapamil (increase plasma levels of digoxin)
Digitoxin (similar to Digoxin)

Cholesterol (Statins, Niacin):

-Nicotinic Acid (Niacin)

-used for pancreatitis


-best to use for LDL and HDL


-inhibition of lipolysis in adipose tissue


-causes flushing, hot flashes (IR uses)

-take at night before bed with cold milk

-decreases production of VLDLs

-Adverse effects:


-skin


-gastrointestinal


-hepatotoxicity


-hyperglycemia and gouty arthritis

Dosage, Administration:
-IR, oral

-aspirin

1-3 gm

-vitamin (25 mg/day)
Statin:

-most effective for lowering cholesterol

-used for lowering LDL and total cholesterol, can raise HDL cholesterol and lower triglycerides
-lower risk of HF, death

-atorvastatin (Lipitor)

-used for atherosclerosis

-continue lifelong

-can increase levels of HDL cholesterol-reducing risk of CV events

-raise levels to 50mg/dL or more

-promote plaque stability
Cholesterol Reduction:
-increase number of LDL receptors on liver cells


-however, liver cells can also move more LDLs from the blood

-slow progression of coronary heart disease and decrease risk for cardiac events, hospitalization, death, peripheral vascular disease

-used for both primary and secondary prevention

-used in diabetes

Therapeutic uses:

-hypercholesterolemia 

-treatment goal-under 100 mg/dL

-patients with high CV risk very high risk: 70 mg/dL

-used to treat Parkinson’s disease, Alzheimer’s, kidney disease, multiple sclerosis, macular degeneration, glaucoma, rheumatoid arthritis, weak bones, cancer

-administration: orally
6 statins: 


-atorvasatin


-lovastatin


-simvastain


-fluvastatin


-pravastatin


-rosuvastatin (used in higher dosages in Asians)

Adverse effects:

-headache, GI, rash, hepatotoxicity, myopathy
-muscle tissue injury 


-risk: advanced age, small body frame, frailty, multisystem disease, use of statins in high doses, drugs, hypothyroidism

Hepatotoxicity:

-patients with viral or alcoholic hepatitis-avoid statin use  

Use extra caution when combining statins with lipid-lowering agents

Use in Pregnancy:

-classified in Category X-risk to fetus outweigh all others benefits
Dosing:

-once daily in evening

LDL goal:

-atorvastatin or simvastatin used if more than 40% LDL needs to be lowered, if under 40% any stain will do

-be careful with rosuvastatin

-atorvastatin or fluvastatin used if significant renal impairment
-lovastatin available in generic

-look at table 49-12 pg. 570, Lehne

