Blood vessel structure and function:
· Three major types, arteries, capillaries, veins

· Arteries  carry blood away form the heart, veins towards

· Only capillaries have intimate contact with tissue cells and serve cellular needs

Structure of blood vessel walls:

There are three layers called tunica

· Tunica intima

· Intimate contact with blood (inner most layer)

· Simple squamous epithelial cells

· The lining is continuous with that of the heart (direct pathway)

· Cells fit perfectly together to reduce friction

· Tunica media 

· Circularly arranged smooth muscle cells and sheets of elastin

· Regulated by sympathetic nerve fibers of the autonomic nerve system

· Either vasoconstriction or vaso dilation can be effected

· Bulkiest layer in arteries
· Tunica externa

· Composed of loosely wove ncollagen fibers that protect and reinforce the vessels

· Infiltrated with nerve fibers, lymph vessels

· Contains tiny blood vessels (vas vasorum) that nourish the external tissues of the blood vessel wall.

Arterial system

· Three types of arteries: Elastic, Muscular, and artererioles


· Elastic:

· Thick walled arteries near the heart

· Largets in diameter

· Most elastic
· Also referred to as conducting arteries

· Tunica media contains the most elastin

· Elastin arteries are pressure reservoirs, expanding and recoiling as blood flows through
· Without the pressure smoothing effect of elastic arteries, walls throughout the body experience higher pressure

· Over time, the arteries will weaken under higher pressures and may balloon or even burst

· Muscular

· Deliver blood to specific body organs
· Internal diameter ranges from 1 cm to about  0.3 mm

· Thickest tunica media of all vessels ( contains mostly smooth muscle, less elastin

· More active in vasoconstriction  and less distensible. 

· Arterioles

· Have all three tunics, but tunic media is chiefly made of smooth muscle, few scattere elastic fibers

· Diameter ranging from 0.3 mm to 10 micrometers

Capillaries:

· Smallest blood vessels

· Thin tunica intima ( only walls

· 3 types of apillaries
· Continous:

· Most common

· Endothelial cells provide uninterrupted lining.

· Cells joined laterally by tight junctions. 

· Fenestrated:

· Almost the same as continuous, except some are riddled with oval pores (fenestrations)

· Fenestrations are usually covered by a delicate membrane, much more permeable to fluids and small solutles

· Found where active absorbtion or filtrate formation occurs (small intestine, endocrine organs)

· Ones with open pores often occur in the kidneys, where rapid filtration of blood plasma is essential

· Sinusoids

· Highly modified leaky capillaries found in the liver, bone marrow , or spleen

· Large irregulary shaped lumens, fenestrated,

· Few tight junctions, larger intercellular clefts than normal capillaries

· Adaptations allow for larger molecules, even blood cells to pass between the blood and surrounding tissues
· Capillary beds:

· Capillaries act in interweaving networks called capillary beds

· Blood flow from ateriole to venule  must go through capillary bed ( called microcirculation

· Consists of two types of vessels 

· Vascular shunt 

· Short vessel that directly connects an arteriole and venule at the opposite ends of the bed

· Direct channel

· True capillaries 

· The actual capillary bed.
· branches

· Terminal arteriole feeds the bed, leads to the metarteriole ( continuous with the thoroughfare channel.

· Thoroughfare joins postcapillary venile, drains the bed.

· True capillaries number 10-100 / capillary bed

· Relative amount of blood entering capillary is regulated by local chem conditions.

· Bed may be flooded with blood or almost completely bypassed, depends on conditions in body or organ

· Ex: after you ate, your blood is flowing through all the capillaries in your gastrointestinal organs to receive breakdown nutrients form digestion…when stomach is empty these capillaries are most likely closed.

· Blood can also be rerouted to where it is needed most, like in exercise it goes to skeletal muscles and away form stomach.
Venous system:
· Venules:

· 8-100 micrometers

· Formed when capillaries unite.

· Extremely porous

· Fluid and white blood cells move easy from bloodstream through their walls

· Well recognized sign of the inflamed area is adhesion of white bloodcells to the post capillary venule endothelium. Followed by their micration through the wall into the inflamed tissue


· Veins

· Three distinct tunics, walls are always thinner and lumens larger of corresponding arteries

· Little smooth muscle or elastin in tunica media ( tunica media ( poorly developed, thin in largest of veins

· Tunica externa is the heaviest wall layer

· Thick collagen fibers and elastic networks

· Often several times thicker than tunica media

· With large lumens, thin walls, veins can accommodate fairly large blood volume

· Veins are called capacitance vessels, and blood reservoirs because 65% of body’s blood is found in veins 

· Walls can be thinner because ther is less risk of bursting because pressure is low

· Veins have valves that prevent blood from flowing backward.

· Venous valves formed from folds in the tunica intima, resemble the semilunar valves of the heart.



Vascular anastomoses

· Where vascular channels unite
· When arteries form, called arterial anastomoses
· Provide alternate pathways called collateral channels for blood to reach a given body region, if one branch is cut or blocked, collateral pathway can provide adequate supply
· Arterial anastomoses Occur around joints where active movement may hinder blood flow 
· Also common in abdominal organs, the brain and the heart
· Arteries that do not anastomose  are in the retina, kidneys and spleen, if blood is not supplied, these vessels die.
· Venous anastomoses are more common, as veins interconnect more. 
· Blockage of a vein very rarely leads to tissue death cause there are sooo many pathways
BLood Flow
Def: the volume of blood flowing thorugh an organ, vessel or the entire circulation in a given period. Is equivalent to cardiac output

Blood Pressure:

Def: the force per unit area exerted on a vessel wall by the contained blood, expressed in mm Hg

Resistance:
Opposition to flow, measure of friction blood encounters as it passes through the vessels

Most friction is encountered in the peripheral circulation

Three important sources for resistance

1. Blood viscosity:

· Internal resistance to flow, exists in all fluids
· Greater viscosity, slower the flow

· Blood viscosity is fairly constant, except polycythemia (excessive red blood cell count), or decreased red blood cell #s

2. Total blood vessel length

· Longer the vessel, the greater the resistance

3. Vessel diameter

· The smaller the tube, the greater the friction because more fluid comes in contact with the surroundings.

· Resistance varies inversely with the fourth power of the vessel radius

i. Ex: radius is doubled, resistance drops 1/16th its original value

ii. This is why arteries close to the heart do not change dramatically in diameter

· When blood encounters a dramatic change in tube size or protruding portions of the wall (fatty plaque), flow goes form continuous to turbulent. Turbulent flow is irregular motion, dramatically increases resistance.

Relationship between flow, pressure and resistance:

· Blood flow is directly proportional to the difference in blood pressure between the two points in the circulation

· As p (pressure) increases, blood flow speads up, p goes down, flow goes down

· R ( resistance, if it goes up flow goes down,

· R is the more important factor affecting flow. R can change easily by altering blood vessel diameter

· Formula:

F = P/R
Systemic Blood Pressure
· Fluid driven by a pump through closed channels operate under pressure

· Closer to pump source = highr pressure

· Blood flows from high to low pressure

Arterial Blood Pressure:
· Pressure reflects two factors

· How much the elastic arteries close to the heart can be stretched

· Volume of blood forced into them at any time

· If blood entering and leaving the elastic arteries were equal, pressure would be constant, 

· Not what happens, pressure falls and rises in regular fashion

· Left ventricle imparts kinetic energy to the blood, stretches the elastic aorta

· If aorta was cut open at this point, blood would spurt 5-6 feet high

· This max pressure point is called systolic pressure, avg 120 mmHg

· During diastole ( aortic valve closes, blood does not flow back into the heart, walls of the aorta recoil, maintaining sufficient pressure ot keep the vlood from flowing into smaller vessels

· Difference between the systolic and diastolic pressures is called the pulse pressure
· Mean arterial pressure ( pressure that propels the blood into the tissues

MAP = diastolic pressure + pulse pressure / 3

· MAP and pulse pressure  both decline as distance from heart increases

Capillary Blood Pressure
· Blood pressure by the time it reaches capillaries is 35 mmHg

· When it leaves is 15 mmHg

· Low values are desireable:

· Capillaries are fragile, high pressure would rupture them

· Most are extremely permeable, even low pressure forces solutecontaining fluids out. 
Venous Blood Pressure

· Pressure gradient is 15 mmHg 

· If a vein is cut, blood just seeps from the wound

· Arteries spurt

· Despite all modifications, veins pressure is normally too low to promote venous return. Three functional adaptations made to allow this to happen

1. Respiratory pump

· Pressure changes occurring in the ventral body cavity create a respiratory pump that moves blood up towards the heart.

· As we breathe, the abdominal pressure increases, squeezing local veins and forcing blood toward the heart

2. Muscular pump

· Skeletal muscle activity

· As muscles contract and relax, they milk blood towards the heart, once it passes each valve it cannot go back

3. Smooth muscle around veins that constricts under sympathetic control

· Increases venous return

· Another way in which the sympathetic nervous system increase cardiac output


Mantaining Blood Pressure

F = P/R    Or CO = P/R    or  P = CO X R

· All variables are linked to pressure

· Increase in pressure is bad

· If one variable is shifted, the others compensate in order to maintain the same pressure

· Stroke volume is influenced by venous return while resting

· During stress the cardioacceleratory center takes over by activating the sympathetic nervous system and influencing the SA node and  increasing stroke volume (cardiac muscles contractility, decrease in ESV)
· Enhanced CO now increases MAP

Short Term Mechanisms: Neural Controls:

· Short term controls of BP counteract moment to moment fluctuations by altering peripheral resistance and CO
· Neural controls of peripheral resistance are directed at two main goals:

1. Mantaining adequate MAP by altering vessel diameter 

· Small changes in diameter cause massive changes in resistance

· Under conditions of low blood volume, the heart and brain get the most blood, the other organs go under triage

2. Altering blood distribution to demand
· During exercise, most blood is diverted to muscles and away from digestive systems

· Most neural controls operate via reflex arcs involve baroreceptors and associated affererent fibers.
· The vasomotor center of the medulla, vasomotor fibers and vascular smooth muscle.

· Occasionally inputs from chemoreceptors and higher brain centers also influence the neural control mechanism.

Role of the vasomotor Center

· Neural center that oversees changes in diameter of blood vessels is the vasomotor center ( cluster of neurons in medulla
· This center and cardiac centers make up the cardiovascular center

· Impulses are transmitted at a steady rate along the sympathetic vasomotor fibers.
· Due to this, the arterioles are almost always in a state of moderate constriction ( vasomotor tone.

· Degree of tone varies between organs

· Skin and digestive arterioles receive impulses more frequently

· Any increase in sympathetic activity produces generalized vasoconstriction, blood pressure rises
· Decrease in activity allows vascular muscle to relax, blood pressure declines

· Vasomotor activity is modified by the inputs from
· Baroreceptors 

· Pressure sensitive mechanoreceptors that respond to changes in pressure nad stretch

· Chemoreceptors

· Responds to changes in blood levels of CO2, H+, O2 

· Higher Brain centers

Baroreceptor-Initiated reflexes:

· When blood pressure rises, stretches baroreceptors, neural receptors located in carotid sinuses, aortic arch, walls of ever large artery of the neck and thorax

· When stretched, rapid stream of impulses to vaso motor center. Inhibits center ( vasodilation of arterioles and veins, decline in pressure

· While dilation of arterioles reduces peripheral resistance, venodilation shift blood to venous reservoirs
· Decline in venous return and card. Output

· Afferent impulses reach cardiac centers ( stim para sympathetic system, inhibit cardioacceleratory enter, reducing heart rate and contractile force.
· Decline in MAP intiates reflex vasoconstriction, increase CO. BP rises

· Resistance and CO are regulated in tandem, BP change is minimal

· Receptors in the carotid sinus reflex protect blood supply to brain,

· Aortic maintain bp to systemic circuit

· Baroreceptors are ineffective in protecting us against pressure changes, 

Chemoreceptor initiated reflexes:

· When CO2 levels rise, pH falls, O2 drops sharply, chemoreceptors in the aortic arch and large arteries of the neck transmit impulses to the cardioacceleratory center, which then increases cardiac output, and to the vasomotor center ( reflex vasoconstriction

· Rise in BP ( speeds return of blood to the heart and lungs

· More important in resp rate than BP 
Influence of Higher Brain Centers

· Reflexes that regulate BP integrated in the medulla oblongata of the brain stem

· Cerebral cortex and hypothalamus ( not involved in routine control of BP

· Modify arterial pressure via relays

· Fight or flight response mediated by hypothalamus has effects on BP

· Hypothalamus mediates redistribution of blood flow and other cardiovascular responses that occur during excercies and changes in body temp
Short Term mechanisms : Hormonal controls
· Hormone regulate BP in short (changes in resistance) and long term (changes in blood volume)

· 4 sources for short term
1. Adernal medulla hormones

· During stress, adrenal glands release Norepinephrine and Epinephrine

·  These enhance sympathetic fight or flight response

· Both cause vasoconstriction

· Epinephrine increase cardiac output as well

· Nicotine is the worst for increased BP ( stims ganglionic neurons, but releases large amounts of epinephrine and NE

2. Angiotensin

· When BP or Blood vol are low, renin is released by the kidney

· Acts as an enzyme, generating angiotensin II

· Stims intense vasoconstriction, rapid rise in BP

· Also stims the release of Aldosterone and ADH ( acti n long term reg of BP due to enhancing Blood vol

3. Atrial Natriueretic peptide

· Atria produce the hormone atrial natriuretic peptid (ANP)

· Causes blood vol and BP to decline

· Causes kidneys to excrete more sodium and water from the body, blood vol drops
· Generalized vasodilation

4. ADH

· Stims kidneys to conserve water

· Not really impt in short term, but when BP falls dangerously low (hemorrhage) ADH is released, helps restore arterial pressure ( mass vasoconstriction

Long Term Mechanisms : Renal Reg
· Long term controls BP by altering Blood vol
· Baroreceptors respond to short term changes in BP, quickly adapt to prolonged/chronic episodes of high or low pressure

· Kidneys restore and maintain BP homeostasis by regulating blood vol

· Goal is to keep Blood vol around 5 L

· Increase in blood vol ( increase in BP

· Direct Renal mechanism:

· alters blood vol without hormones
· when bp or blood vol rises, the rate at which fluid is filtered increases, kidneys cannot process the filtrate rapidly enough, most of it leaves the body in urine, Blood vol and BP fall

· when BP or blood vol is low, kidney takes out more water ( returns to bloodstream

· Indirect Renal mechanism:
· Renin-angiotensin mechanism

· Angiotensin II increases BP in 3 ways

1. Potent vasoconstrictor ( increase resistance

2. Stims aldosterone production ( enhanced reabsorption of Na+ ( causes more water to be absorbed to
3. ADH release, more water absorption

Monitoring circulatory efficiency:
· Measured by taking pulse and pressure measurements
Pulse:

· Alternating expansion and recoil of arteries ( pressure wave

· Important arterial pulse points are called pressure points ( compressed to stop blood flow to distal tissues during hemorrhage.

Blood Pressure:

· The arm cuff thing ( ausculatory method
· Works by making a pressure higher than the systolic pressure ( blood flow here stops, pulse no longer heard. 

· Pressure read when the first soft tapping sound are heard (this is blood spurting through) is the systolic pressure

· Slowly released, more sounds ( sounds of korotkoff

· When the artery is no longer constricted, blood flows freely, this is the diastolic blood pressure.

Alterations in Blood P

Hypotension:

· Low Blood pressure (systolic below 100 mmHg)

· Not a big deal

Hypertension:

· High blood pressure may be transient or persistent

· Transient is normal

· Persistent is bad 

· Defined as 140/90 pressure
· Systolic pressure is a better predictor of future health problems.

· 90% of hyper tensive people have primary or essential hypertension (No cause has been found

· Due to a rich interplay between hereditary predispositions and environmental factors

1. Heredity 

· Children of hypertensive parents are twice as likely to dvelop hypertension

2. Diet

· High intakes of salt, sat. fat, and cholesterol

3. Obesity

4. Age

5. Diabetes

6. Stress

7. Smoking

· Primary hypertensions cannot be cured, can be controlled

· Most common are drugs  ( diuretics, beta-blockers, calcium channel blockers etc

· Secondary Hypertension ( 10% of cases due to identifiable disorders such as obstructions in arteries, kidney disease, and endocrine disorders.

Blood Flow Through Body Tissues: Tissue perfusion
Blood flow thorugh body tissues ( tissue perfusion

Involved in 4 things

1. Delivery of oxygen and nutrients, removal of waste

2. Gas exchange in lungs

3. Absorption of nutrients form digestive tract

4. Urine formation in the kidneys

Rate of blood flow in each organ is almost exactly the right amount for proper function, no more no less

When at rest, brain receives 13% total flow, heart 4%, kidneys 20%, abdominal organs 24%, skel muscles take 20%.

Velocity of Blood Flow:
· Speed changes over distance

· Cross sectional area increases, velocity of  blood decreases. 
· As capillaries combine to form venules then veins, total area declines, velocity increases
Autoregulation : local regulation of blood flow

· Automatic adjustment of blood flow to each tissue in proportion to the tissues requirements

· MAP is the same everywhere in the body, and homeostatic mechanisms adjust cardiac output as needed to maintain constant pressure

· The usage in areas does not effect the main source. 

· Organs regulate their own blood flows by varying the resistance of their arterioles,

Metalbolic Controls:

· Declining levels of oxygen and accumulation of other substances released by metabolically active tissues serve as autoregulation stimuli
· Include H+, K+, adensine and prostaglandins

· Many of these act directly to relax cascular smooth muscle, but some may act by causing the release of nitric oxides from vascular endothelial cells

· NO is a powerful vasodilator, acts via cyclic GMP second messenger system

· NO is quickly destroyed, effects of vasodilation are brief. 

· Can be transported long distances by binding to chemical buffers in blood, released where needed.

· Sympathetic nervous system: main goal is to produce vasoconstriction,

· NO plays big role in vasodilation

· Endothelium releases potent constrictors, including endothelins (peptides) most potent ones known to man

· Net result :

· Immediate vasodilation of arterioles in needy tissues, 

· Increase in blood flow to the area

· Inflammatory chemicals such as histamine, kinins and prostaglandins cause vasodilation

Myogenic Controls:

· Inadequate blood perfusion through an organ is followed by a decline in metabolic rate, if prolonged ( organ death

· On the other hand, excessive arterial pressure and perfusion can be dangerous because the combo may rupture more fragile blood vessels

· Fortunately, smooth muscle prevents this by responding directly to passive stretch with increased tone
· Resists stretch, causes vasoconstriction
· Reactive hyperemia refers to dramatic increase blood flow into a tissue after the blood supply has been blocked.

Long Term autoregulation:

· If the nutrient requirements of a tissue are greater than the short-term autoregulatory mechanism, long term autoregulatory mechanism may develop over time

· Blood vessels in a region increases, existing vessels enlarge.

· Called angiogenesis commin in the heart when a coronary vessel is partially occluded. 

· Occurs commonly in high altitude areas where air has less O2
Blood flow in Special areas

· Auto reg is extremely efficient, and each organ has epical requirements
· Adequate perfusion must be maintained, even when MAP is fluctuating

Skeletal Muscles:

· Blood flow varies with fiber type and muscle activity

· Blood flow is greater in red fibers than white 

· Resting skeletal muscles receive 1L blood per min, 25% capillaries open

· Active/exercise hyperemia ( blood flow increases

· Occurs entirely in response to lack of oxygen --> metabolism of working muscles

