Based on the lecture and text material, you should be able to do the following:

→
describe the factors which regulate cardiac output

→
describe the sympathetic and parasympathetic control of heart rate

→
describe the sympathetic and parasympathetic control of stroke volume

→
describe the relationship between venous return and stroke volume

→
describe the differences in the structures of the different types of blood vessels

→
describe the arterial pressure pulse

→
discuss why blood pressure does not fall to zero and blood continues to flow when the 
ventricle is filling and not contracting during diastole

→
describe the consequences of the branching of arteries into arterioles and capillaries on the 
total surface area and cross-sectional area of the vascular bed and what this does to blood 
velocity

→
describe the routes by which substances are exchanged in the capillaries

→
describe the physical forces involved in capillary exchange

→
discuss the role of the lymphatic system in balance of fluid exchange in the capillaries

→
discuss the local control of blood flow by tissues

→
describe the mechanisms which account for long-term changes in tissue blood flow

→
discuss how regulating blood pressure ensures that the total blood flow meets the 
demands of all the tissues

→
describe how peripheral resistance is regulated

→
describe how the regulation of extracellular fluid volume contributes to long-term blood 
pressure regulation

→
discuss the current thinking on the role of dietary salt intake on blood pressure

Blood flow:
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Arteries

Elastic arteries

(
Also known as conducting arteries

(
Large vessels, up to 2.5 cm in diameter

(
Close to the heart

(
These vessels have to cope with large pulsatile changes in pressure.

(
The stretch in these arteries serves to dampen out the pulsatile changes in BP. Specifically, during ventricular diastole, the elastic recoil of these arteries serve to keep BP elevated.

(
They have much more elastic walls than the muscular arteries.

(
They have a thicker tunica interna (endothelium and internal elastic layer).

(
They have a thinner tunica intermedia (smooth muscle layer).

Muscular arteries

(
Also known as distribution arteries or medium-sized arteries.

(
These are the arteries that carry the blood to the organs and muscles.

(
Typically they have a diameter of about 0.4 cm.

(
They have a thinner tunica interna and a thicker tunica media.

Arterioles

(
These vessels are much smaller than the arteries (~ 30 μm or less).

(
They have a poorly defined tunica externa.

(
The tunica media consists of one or two thin layers of smooth muscle.

(
The tunica media of the smallest arterioles contain scattered smooth muscle cells which don(t even form a complete layer.

(
The diameters of the smaller arterioles change in response to local conditions, or to sympathetic stimulation, or to endocrine signals.

(
For example, most arterioles will dilate under low O2, while sympathetic stimulation triggers constriction. 

(
Changes in diameter result in changes in the pressure required to push the blood through. 

Smaller diameter ( greater pressure needed ( decreased bloodflow.

( Important note ( 
The number of vessels increases at each level ( Thus, the total cross-sectional area at each level increases.

Capillaries

(
This is where gas and nutrient exchange actually occurs.

(
Their walls consist of a very thin tunica interna surrounded by a basement membrane.  The tunica interna only contains endothelial cells in a layer one cell thick In the smallest capillaries, single endothelial cells form the entire circumference of the capillary. 

(
There are three types of capillary.

(
Continuous capillaries

(
These are the most abundant type of capillary.

(
The endothelium is continuous and is one cell thick all the way around. 

(
Fenestrated capillaries

(
These capillaries have (windows( or areas of pores, which allow for rapid exchange of water and solutes (up to the size of small peptides).

(
They are often found in areas where there is a large amount of secretion or absorption, such as the choroid plexus (secretion of CSF), the absorptive areas of the intestinal tract, and the glomerulus (the filtration site of the kidneys).

(
Sinusoidal capillaries

(
These are similar to fenestrated capillaries. However, they are flattened and irregular.  

(
They commonly have gaps between adjacent endothelial cells which allow for the exchange of solutes as large as plasma proteins.

(
They also have a much reduced (or even absent) basement membrane, which also aids in exchange of large solutes.

(
The blood moves through these capillaries very slowly, maximizing the time available for exchange.

(
Found in liver, bone marrow, spleen and many endocrine organs.

Capillary Beds

(
Capillaries do not function as individual units, but rather as a part of an interconnected network, called a capillary bed, or a capillary plexus.

(
Capillary beds usually contain several relatively direct connections between the arterioles and the venules.

(
A single arteriole generally gives rise to dozens of capillaries.

(
A capillary bed can and usually does have input from several arteries. These are known as collaterals and fuse before breaking into arterioles.

(
Many capillary beds contain an arteriovenous anastomosis, which is a very direct connection between the arterial system and the venous system.

(
Bloodflow through individual capillaries is controlled by the precapillary sphincters.

(
Each precapillary sphincter opens and closes periodically (about 10-14 times per minute), regulating how fast blood moves through the capillary.

(
Because of the actions of the precapillary sphincters, blood moves through the individual capillaries in pulses, rather than in a smooth flow.

Veins

(
Veins collect the blood and return it to the heart.

(
Veins have thinner walls than arteries because venous pressure is very much less than arterial pressure.

(
Generally, veins have a larger diameter than arteries(which also contributes to the lower pressure).

Venules

(
These are the vessels that collect the blood directly from the capillaries.

(
They vary widely is size, but the average diameter is about 20μm.

(
The smallest venules resemble expanded capillaries.

(
Small venules lack a tunica media.

Medium-sized veins

(
Range in size from 2-9 mm internal diameter.

(
The tunica media is thin and has contains few smooth muscle cells.

(
Tunica externa is the thickest layer and is comprised  mostly of longitudinal bundles of collagen and elastic fibers.

Large Veins

(
Includes the superior and inferior venae cavae (plural) as well as all their tributary veins in the thoracic and abdomenopelvic cavities.

(
These veins have all three layers, with the tunica externa being the most developed.

(
Have internal diameters of greater than 9 mm.

Venous valves

(
Blood pressure in the venules is only about 10% of the pressure in the arterial system and it is even less in the veins.

(
In the long veins (such as in the legs), the pressure is often insufficient to overcome gravity.

(
In order to compensate, veins have valves which prevent backflow of the blood.

(
The valves work in conjunction with the muscle to force the blood back to the heart.

(
When the muscles (for example, in the leg) contract, they tend to compress the veins that run between them. This squeezes the blood out of the veins.  Since there are valves in the veins, the blood is squeezed towards the heart.

(
The valves are formed from out-pocketing of the endothelial layer (tunica interna).

(
The valves point in the direction of blood flow (i.e. towards the heart).

Blood composition

(
Blood is a complex fluid with many components.

(
Two major components, cells and solutes

(
The cellular component (also known as the formed elements) consist of erythrocytes (red blood cells), several types of white blood cells (such as neutrophils, eosinophils, basophils, lymphocytes, and monocytes), and platelets.

(
The non-cellular component is known as the plasma.  It consists of electrolytes (such as sodium, potassium, calcium and chloride), plasma proteins (such as albumin, globulins, fibrinogen, and regulatory proteins), organic nutrients (such as amino acids, glucose and lipids), and organic wastes (such as ammonium ions, urea, and bilirubin).

(
About 45-63% of blood is plasma, the rest is formed elements.

(
Of the formed elements, 99.9% are erythrocytes.

(
Blood is about 5 times as viscous as water, due to all the dissolved and suspended components.

(
The solutes in plasma generate a significant osmotic gradient, which tends to drive water into the capillaries.

Blood distribution

(
Under normal conditions: 
64% of the blood is in the venous system

 7% of the blood is in the systemic capillaries

13% is in the systemic arterial system

 9% is in the pulmonary circulatory system

 7% is in the heart

(
Much more blood is in the venous system than in the capillaries or the arterial system at any given time.

Key terms and relationships pertaining to blood circulation:
Hydrostatic pressure

The pressure exerted by a liquid in response to and applied force.

Blood pressure (BP)

The hydrostatic pressure in the arterial system that pushes the blood through capillary beds.

Circulatory pressure

The pressure difference between the root of the ascending aorta and the entrance of the right atrium.

Blood flow (F)

Volume of blood flowing per unit time through a vessel, or group of vessels.

Resistance


A force that opposes movement (in this case blood flow).

Peripheral res. (PR)

The resistance of the arterial system; affected by such factors as vascular resistance, viscosity and turbulence.

Total periph. res.

The resistance of the entire cardiovascular system.

Turbulence


A resistance due to the irregular swirling movement of a fluid (in this case blood) at high flow rates or exposure to irregular surfaces.

Viscosity


A resistance to flow due to interactions between molecules of a liquid

Vascular resistance

A resistance due to friction within a blood vessel, primarily between the blood and the wall of the vessel.  This increases with increasing length or decreasing diameter. Vessel length generally does not change, but diameter does.

Venous pressure

The hydrostatic pressure in the venous system.

Relationships among these terms:
F ( ΔP 
Flow is proportional to the pressure gradient.

F ( 1/R
Flow is inversely proportional to the resistance.

F ( ΔP/R
Above two terms combined.

F ( BP/PR
Flow is directly proportional to blood pressure and inversely proportional to the peripheral resistance.

R ( 1/r4
Resistance is inversely proportional to the 4th power of a vessels radius.

Arterial BP is usually presented as two numbers, the systolic pressure over the diastolic pressure.

However, another term, mean arterial pressure (MAP), is often used. 

MAP = diastolic pressure + systolic pressure / 3

Capillary exchange:
(
The primary function of the capillaries is to facilitate exchange of gasses and nutrients between the blood, the interstitial fluid and the cells.

(
Part of this function is to carry away waste products produced by the cells.

(
Capillary exchange is a result of three processes.

(
Diffusion

(
Capillary filtration

(
Reabsorption

Diffusion:
(
Capillary diffusion is simple diffusion.  Chemicals and dissolved gasses will diffuse down their concentration gradients.  

(
Usually, the concentration of O2 and nutrients is highest inside a capillary and lower in the interstitial fluid. Thus, diffusion will tend to carry O2 and nutrients out of the blood and into the interstitial fluid.

(
The reverse is true for CO2 and  waste products.  They are more concentrated in the interstitial fluid than in the blood, thus they will diffuse into the blood.

(
Generally speaking, the rate of exchange through simple diffusion is simply inadequate to deliver enough nutrients to our cells. Our metabolic rate requires a much higher rate of exchange. We have evolved a system of filtration, followed by reabsorption to enhance diffusional exchange.

Filtration:
(
At the arterial end of a capillary, the BP is still relatively high (~35 mmHg).  This hydrostatic pressure forces water out of the blood into the interstitial fluid. Small solutes molecules are carried along with the water.

(
However, the larger solutes (such as albumin and globulin) remain in the lumen of the capillary.  The formed elements of the blood also remain within the capillary.

(
The osmotic concentration of the blood depends primarily on the concentrations of the proteins in the plasma and would tend to draw water into the capillary. The osmotic pressure of the blood is -25 mmHg.

(
Capillary hydrostatic pressure (CHP) is stronger than the osmotic pressure, so water is pushed out of the head end of the capillary.

Reabsorption:
(
From the head end of the capillary to the tail end, there is an overall drop in the CHP (from ~35 mmHg to ~18 mmHg).

(
The overall osmotic pressure still remains at -25 mmHg. Thus, the osmotic pressure overcomes the CHP and water moves back into the capillary.

(
There is a net flow of water out of the head of the capillary, through the interstitial fluid and back into the tail end of the capillary.

(
Reabsorption absolutely depends on maintaining a high enough plasma osmotic concentration to overcome the CHP.  This depends directly on maintaining a high enough plasma protein concentration.

(
In situations where plasma protein concentrations drop, such as in malnutrition, edema is often a result.  This is because the plasma protein concentration drops to a point where the plasma osmotic concentration cannot overcome the CHP and fluid accumulates in the interstitial spaces.

(
There is a net imbalance in the movement of water in and out of the capillaries. Generally speaking, in the average adult, ~24 liters a day leave the capillaries and go into the interstitial fluid and only ~20.4 liters a day is recovered by the capillaries.  

(
This means that there is a net flow of fluid into the interstitial spaces of about 3.6 liters a day.

(
The extra fluid is taken up by the lymphatic system and is returned to the venous circulation.

Edema:
(
Edema is a build up of fluids in the interstitial spaces of the tissues.

(
There are three major reasons that edema can occur.

(
As mentioned above, the plasma protein concentration is too low to draw water back into the capillaries.

(
Plasma protein leak out of the capillaries, reducing the osmotic gradient which draws water back into the capillaries.

(
There is a blockage in the lymphatic system which prevents the excess fluid from being returned to the venous circulation.

(
Edema can occur on a local scale (such as in an insect sting), or can occur globally (as in malnutrition).  

(
Local edema is usually caused by the capillaries in the area of an injury or infection becoming leaky and letting the plasma proteins escape into the interstitial fluid.

