Cardiovascular Physiology
Chapter 1: Overview of the Cardiovascular system
HOMEOSTATIC ROLE OF THE CARDIOVASCULAR SYSTEM
· The process of maintaining the "constancy" of our internal environment has come to be known as homeostasis
· Three compartments make up the total body water and account for about 60% of body weight
·  This water is distributed among the intracellular, interstitial, and plasma compartments
· ~ 2/3 of fluid is intracellular
· Only ~7-10% of total body water circulates in the cardiovascular system as plasma
· The interstitial fluid is the immediate environment of individual cells  "internal environment"
· The well-being of individual cells therefore depends heavily on the homeostatic mechanisms that circulate “fresh” plasma fluid to interstitial fluid
· As blood passes through the capillaries solutes are exchanged between the interstitial fluid and the plasma through diffusion
· Two conditions are essential for this circulatory mechanism to effectively control the composition of interstitial fluid:
· 1) there must be adequate blood flow through the tissue capillaries
· 2) the chemical composition of the incoming/arterial blood must be controlled to be that which is optimal in the interstitial fluid
· No cell in the body is located farther than about 10 µm from a capillary
· Substances are transported between organs by the process of convection, by which the substances move along with blood flow simply because they are dissolved in blood
· Nearly all systemic organs receive blood of identical composition
· Flow through any one of the systemic organs can be controlled independently of the flow through the other organs (arranged in parallel)
· The kidneys in resting situations receive 22% of cardiac output
THE BASIC PHYSICS OF BLOOD FLOW
· Any vessel in the body has a certain length (L) and a certain internal radius (r) through which blood flows
· Fluid flows through the tube only when the pressures in the fluid at the inlet and outlet ends (Pi and Po) are unequal, ie, when there is a pressure difference (Δ P) between the ends
· Vascular resistance is a measure of how difficult it is to make fluid flow through the tube
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· There are only two ways in which blood flow through any organ can be changed
· 1) by changing the pressure difference across its vascular bed
· 2) by changing its vascular resistance
· Most often, it is changes in an organ's vascular resistance that cause the flow through the organ to change
· [image: ]  [image: ]
· Poiseuille equation, includes all the terms that influence flow through a cylindrical vessel
· [image: ]
· Flow only occurs when there is a pressure differential
· Organ blood flow is regulated primarily by the radius of the vessels within the organ
· The average pressure in systemic arteries is near 100 mmHg, and the average pressure in systemic veins is near 0 mmHg
THE HEART
Pumping Action
· The right heart pump provides the energy necessary to move blood through the pulmonary vessels, and the left heart pump provides the energy to move blood through the systemic organs
· The amount of blood from each ventricle pumped/minute (the cardiac output, CO) depends on the volume of blood ejected per beat (the stroke volume, SV) and the number of heart beats per minute (the heart rate, HR)
· [image: ]
· When the ventricular muscle cells are contracting, they generate a circumferential tension in the ventricular walls that causes the pressure within the chamber to increase
· The phase of the cardiac cycle during which the ventricular muscle cells are contracting is called systole
· The phase when the ventricular muscles relax is called diastole
Excitation
· Efficient pumping action of the heart requires a precise coordination of the contraction of millions of individual cardiac muscle cells triggered by an electrical excitatory impulse (action potential ) as it sweeps over its cell membrane
· It is achieved primarily by the conduction of action potentials from one cell to the next via gap junctions that connect all cells of the heart into a functional syncytium
· The major components of the specialized excitation and conduction system are the sino-atrial node (SA node), the atrioventricular node (AV node), the bundle of His, and the right and left bundle branches made up of specialized cells called Purkinje fibers
· The SA node contains specialized cells that normally function as the heart's pacemaker and initiate the action potential that is conducted through the heart
· The AV node contains slowly conducting cells that normally function to create a slight delay between atrial contraction and ventricular contraction
· The Purkinje fibers are specialized for rapid conduction and assure that all ventricular cells contract at nearly the same instant
Requirements for Effective Operation
1. The contractions of individual cardiac muscle cells must occur at regular intervals and be
synchronized (not arrhythmic).
2. The valves must open fully (not stenotic).
3. The valves must not leak (not insufficient or regurgitant).
4. The muscle contractions must be forceful (not failing).
5. The ventricles must fill adequately during diastole
Control of the Heart & Cardiac Output: Diastolic Filling
· As cardiac filling increases during diastole, the volume injected during systole also increases
· Stroke volume increases as end diastolic volume increases – Starling’s law of the heart
Autonomic Neural Influences
· All portions of the heart are richly innervated by adrenergic sympathetic fibers
· When active, these sympathetic nerves release norepinephrineon cardiac 
· Norepinephrine interacts with β1-adrenergic receptors on cardiac muscle cells to increase heart rate, increase action potential conduction velocity, and increase force of contraction and rates of contraction and relaxation
· Overall, sympathetic activation acts to increase cardiac pumping
· Cholinergic parasympathetic nerve fibers travel to the heart via the vagus nerve and innervate the SA node, the AV node, and atrial muscle
· When active, these parasympathetic nerves release acetylcholine on cardiac muscle cells
· Acetylcholine interacts with muscarinic receptors on cardiac muscle cells to decrease heart rate (SA node) and decrease action potential conduction velocity (AVnode)
· Parasympathetic nerves may also act to decrease the force of contraction of atrial muscle cells 
The Vasculature
· The major vessels in the body are arteries, arterioles, capillaries, venules and veins
· Arteries are thick-walled vessels that contain, in addition to some smooth muscle, a large component of elastin and collagen fibers
· Arterioles have much thicker walls with more smooth muscle and less elastic material
· Capillaries are the smallest vessels in the vasculature, red blood cells with diameters of 7 µm must deform to pass through them
· The capillary wall consists of a single layer of endothelial cells, which separate the blood from the interstitial fluid by only about 1 µm
· Capillaries contain no smooth muscle and thus lack the ability to change their diameters actively
· Venous vessels have very thin walls in proportion to their diameters
· Their walls contain smooth muscle and the diameters of venous vessels can actively change
· Because of their thin walls, venous vessels are quite distensible
· Venous vessels, especially the larger ones, also have one-way valves that prevent reverse flow
Control of Blood Vessels
· Influenced by changes in activity of sympathetic nerves innervating arterioles
· These nerves release norepinephrine from their endings which interacts with α-adrenergic receptors on the smooth muscle cells to cause contraction and thus arteriolar constriction
· Venules and veins are also richly innervated by sympathetic nerves and constrict when these nerves are activated
· Increased sympathetic nerve activity is accompanied by decreased venous volume
· The importance of this phenomenon is that venous constriction tends to increase cardiac filling and therefore cardiac output via Starling's law of the heart
Questions
1. Which organ in the body receives the most blood
a. Lungs
b. Kidneys
c. Liver
d. Brain
2. True or False: Slowing of action potential conduction through the AV node will slow heart rate
3. What direct cardiovascular consequences would you expect from an intravenous injection of Norepinephrine	
a. Increased heart rate
b. Decreased heart rate
c. Increased force of contraction
d. Venous dilation
e. Venous constriction
f. Arterial constriction
g. A,c,d,f
h. A,c,e,f
4. What direct effects on the heart would you expect after giving a patient phenylephrine ( an α1 selective agonist)
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