Topic 4.3 Blood Vessels and Hemodynamics

-Hemo = blood, dynamics = movement
-As pressure changes, it influences whether things are moving in or coming out.
-There is a certain number of blood vessels that we are required to memorize. The ones we are responsible for are pointed out in the slides. Will be an arrow or circle showing them.

4.3.1
Structure: Ateries, Capillaries, Veins
-They are the delivery system of blood around the body
-This is a closed circuit, it begins and ends in the heart. Total volume of blood in the body is in the circuit, it cannot leave the system and go anywhere else
-Arteries  arterioles  capillaries (exchange point for gases, nutrients, wastes)  venules (small veins)  veins  S/I vena cava
-Transfer from arterious system to venous system

Again: arteries carry blood away from the heart, veins carry blood towards the heart.
-Only capillaries directly serve cells
-The opening of the veins is larger than in the artery. The anatomical structure of the arterial wall is very different from veins. Arteries tend to be high-pressure vessels, veins are low-pressure.

3-Layered Structure of Walls Surround the Lumen
-Lumen: the cavity through which blood flows, or the central blood-containing space. The opening in the vessel. The walls surround the lumen.
-The layers of the walls are called tunics
1. Tunica intima: inner lining, always simple squamous epithelium. Is in “intimate” contact with the blood in the lumen.
	-Contains the endothelium (simple squamous epithelium that lines the lumen of all 	vessels. Is continuous with the endocardial lining of the heart. Flat cells fit closely 	together, forming a slick surface that minimizes friction as blood moves through the 	lumen. In larger diameter vessels, have a subendocardial layer (basement membrane + 	loose CT, supports endothelium)
-Same tissue that lines the chambers of the heart and lumen of the veins. 
-Capillaries are all tunica intima.
-Innermost portion is nourished directly from blood in lumen
2. Tunica Media: mostly circularly-arranged smooth muscle cells and sheets of elastin. Generally the bulkiest layer, and is the only layer that changes b/w vessels. The activity of smooth muscle regulated by sympathetic vasomotor nerve fibers of ANS, and chemicals. Regulation causes:
	-Vasoconstriction: lumen diameter increases, decrease in BP
	-Vasodilation: lumen diameter decreases, increase in BP
3. Tunica Externa: aka tunica adventitia. Strongest layer, made up of collagen fibers that protect/reinforce the vessel, and anchor it to surrounding structures. Is infiltrated with nerve fibers, lymphatic vessels, and sometimes elastic fibers. 
-In larger vessels: has its own blood supply. Is dotted with a system of tiny blood vessels 	(vasa vasorum) that nourish the more external tissues of the blood vessel wall, so that is 	does not use the blood it is carrying.

4.3.2 3 Types of Arterial Vessels
1. Elastic (Conducting) Arteries: thick-walled arteries near the heart- aorta and its major branches. These arteries: diameter 1-2.5 cm, are the most elastic vessels. 
-Contain lots of elastin, present in all three tunics (most in media). 
-Contain smooth muscle, but relatively inactive in vasoconstriction
-Are pressure reservoirs, expanding and recoiling as the heart ejects blood. This allows blood to flow continuously.
-Have a pressure-smoothing effect on the whole system, preventing aneurysm
-Contraction moves from apex to base, squeezes blood into aorta. Aorta will expand to accept the volume of blood, then gradually recoil as it pushes the blood forwards. Expands, comes back, over and over.
2. Then into Muscular (Distributing) Arteries: distribute blood to specific body organs. Interior diameter ranges from a small finger to a pencil lead. 
-Have thickest tunica media of all vessels. It contains relatively more smooth muscle and less elastic tissue than elastic arteries.
-Are more active in vasoconstriction (are under influence of ANS) and are less capable of stretching. They can vasoconstrict or vasodilate depending on where blood is needed. Ex. When you are sitting in class, blood supply to your legs is reduced and shunted to somewhere else (e.g. brain).
3. Then into Arterioles: smallest of the arteries. Diameter ranges from 0.3 mm to 10 micrometers. Aka resistance vessels.
-Larger arterioles have all three tunics, but media is chiefly smooth muscle with a few elastic fibers. Smaller arterioles are a single layer of smooth muscle cells spiraling around the endothelial lining
-Its diameter determines minute-to-minute blood flow into capillary beds. It changes in response to neural, hormonal, and local chemical influences. Responds to resistance coming from muscular arteries
*Analogy: these systems are like: driving on highway, then get off highway exit, then use small streets to get home.

4.3.3
Capillaries: Microcirculation
Capillaries: the smallest blood vessels. Have extremely thin, simple squamous walls that consist of just a thin tunica intima. Found everywhere in body except in avascular tissue
-Pericytes are contractile stem cells that can generate new vessels or scar tissue, stabilize the capillary wall, and help control capillary permeability. Found at strategic locations along the outer surface of some capillaries.
-Average diameter is 8-10 micrometers, just enough for red blood cells to slip through single file. -Most tissues have rich capillary supply. Exceptions:
	-Tendons and ligaments, heal poorly
	-Cartilage and epithelia, receive nutrients from blood vessels in nearby CT
-Interstitial fluid = fluid that surrounds all body cells. Constant exchange between capillaries and interstitial fluid
-All three types of capillaries have tight junctions that join their epithelial cells, between which there are gaps of unjoined membrane called intercellular clefts. Capillaries are categorized by the size of these intercellular clefts, which allow limited passage of fluids and small solutes. 

3 Types:
1. Continuous Capillaries: uninterrupted lining. Least permeable and most common.
-Abundant in skin, muscles, lungs, and CNS
-So small that they only allow limited passage of fluids and small solutes
-Have some intercellular clefts but they are tiny
-In brain, there are capillaries with no intercellular clefts, forms part of blood-brain barrier. Protects brain from changes in body. Formed from capillaries with tight junctions. Problem: drugs affecting brain need to bypass blood-brain barrier
2. Fenestrated Capillaries: Have large fenestrations (pores) that increase permeability
-Found in kidney, small intestine, endocrine organs
-Fenestrations are like Swiss cheese- holes that tunnel through endothelial cells
3. Sinusoidal Capillaries: Are the most permeable and occur in limited locations. 
-RBCs and macrophages can go in and out, hugely leaky. Highly modified.
-Occur in liver, bone marrow, spleen, and adrenal medulla
-Have large intercellular clefts and fenestrations, few tight junctions
-Blood flows slowly through their channels

Capillary Beds
-Capillaries do not function independently- tend to be a part of a capillary bed. 
-Microcirculation: movement of blood from arteriole through venule (capillary bed) into vein.
-Terminal arteriole: feeds the bed; branch off which you get a capillary bed. Leads to a metarteriole (a vessel structurally intermediate between an arteriole and a capillary), which is continuous with a thoroughfare channel (intermediate between a capillary and venule). This channel joins the postcapillary venule that drains the bed. Eventually becomes a vein.

2 Types of Capillaries:
1. Vascular Shunt: the short channel in the middle of the bed, which directly connects the arteriole and venule at opposite sides of the bed.
2. True Capillaries (rest of capillaries), the actual exchange vessels

-Precapillary sphincters: cuffs of smooth muscle fibers that surround the root of each true capillary at the metarteriole and acts as a valve to regulate blood flow into the capillary. 
-Are smooth muscle that are innervated by ANS. Can contract or dilate in response from signals from the ANS. These cuffs can contract and close off flow of blood to capillary bed, and the blood just shunts through. When blood is not needed in a particular area.
-When the precapillary sphincters are relaxed/open, blood flows through the true capillaries and takes part in exchange with tissue cells
-When they are contracted/closed, blood flows through the shunts and bypasses the tissue cells

4.3.4
Venules and Veins
1. Venules: Formed when capillaries unite. Some have three layers, never as thick as arteries. 
	-Smallest are postcapillary
2. Veins: Formed when venules converge. Have all three tunics, but the walls are always thinner and lumens larger than in arteries. Tiny amounts of elastin and smooth muscle, tunica media is poorly developed. Tunica externa is heavy, thick collagen bundles.
-Can hold up to 65% of blood are in the veins at any one time, so are called capacitance vessels and blood reservoirs
-Very low blood pressure, so thin walls are not dangerous
-Especially adapted to return blood to heart
a) Tend to have bigger lumens than arteries: has drastic effect on resistance and BP
b) Veins have valves, ensure unidirectional flow. Backflow causes them 	to close.
-Valves formed from the folds of the tunica intima, similar to SL valves
-Most abundant in limbs, where gravity opposes upward flow.

4.3.5
1. Blood Flow: the volume of blood flowing through a vessel, organ, or the entire circulation in a given period of time. Essentially is CO (SV x HR)
-Relatively constant when at rest, however, varies greatly with individual organs, based on need
2. Blood Pressure: the pressure being exerted by the blood against the walls of the vessels. Different from blood flow. 
-Measured in mm Hg
-Measuring BP is usually the systemic arterial blood pressure in the largest arteries near the heart. Ex. usually aortic is 90 mmHg
-Is the difference of pressures between two areas. If no difference between two areas, there will be no flow. Once there is a difference blood will flow from area of high pressure to area of low pressure (down concentration gradient)
-This pressure gradient provides driving force to keep blood moving thru body
-Rate of blood flow inversely proportional to the radius of the vessel in question. Smaller radius = more resistance. Depends on proportion of liquid physically touching the walls, so more in a smaller radius vessel.
3. Resistance: anything that impedes the flow of blood. A measure of the amount of friction blood encounters with vessel walls. Usually encountered in systemic circulation, so it is also called peripheral resistance
-Is the major determinant of blood flow because a change in blood vessel radius increases resistance to the 4th power. Has a huge effect.
-Affected by total blood vessel length, blood vessel diameter, and blood viscosity

4.3.6
Blood Flow = difference in BP / peripheral resistance
-Blood flow directly proportional to difference in BP between two points in circulation. ΔBP increases, blood flow increases
-It is inversely proportional to peripheral resistance in systemic circulation. R increases, blood flow decreases
-Fluctuation of pressure takes place in aorta. The fluctuation gradually disappears as you move through the system. As you go from arteries to capillaries, huge drop in pressure. By the time you get to capillaries, single layer of squamous cells, they do not have elasticity. High pressure would rupture the capillaries. So, pressure slows down, allows for good exchange.
-If increase resistance, blood flow will go up, and vice versa
-R is much more important in influencing blood flow, because it can easily be changed via dilation whereas the systemic pressure may remain unchanged.

4.3.7
Resistance: frictional forces that impede flow
3 Sources:
a) Blood viscosity: due to formed elements, plasma proteins. The greater the viscosity, the less easily molecules and fluid move through circulation. Usually constant, but polycythemia can increase it and resistance. With anemia, peripheral resistance can decline.
b) Total blood vessel length: more resistance in longer vessels, because more surface area for blood to touch. The fact that it has to touch the wall slows it down.
c) Blood vessel diameter: biggest effect on blood flow. Can be regulated by vasodilation/constriction, more fluid is not touching walls in bigger radii so it moves faster. For every decrease, resistance increases to the 4th power. The smaller the tube, the greater the friction, because more blood is in contact with the wall.
	-Small arterioles are the major determinants of peripheral resistance.

4.3.8
-Systolic pressure: pressure exerted in aorta during ventricular contraction. Determines how hard heart has to work to pump blood out.
-Diastolic pressure: lowest level of aortic pressure, at ventricular diastole. 
-Pulse pressure = Systolic BP - Diastolic BP, felt as the throbbing sensation of a pulse
Ex. 120-80 = 40 mmHg

-Mean arterial pressure (MAP): NOT the mean of systolic and diastolic, and is a very important pressure to consider. This is the pressure that propels the blood to the tissues. 
-MAP = diastolic pressure + 1/3 of pulse pressure
Ex. 80 + 40/3 = 93 mmHg

What is a pulse? Measuring heart rate. What you are palpating is the wave generated by rhythmic contraction and relaxation of the heart. An estimate of the heart rate, usually measured on the wrist, at the radial pulse (radial artery) 
	-Pulse points are also called pressure points: if there is an injury or cut, if you apply 	pressure to these areas you can slow the flow of blood. They are compressed to stop 	blood flowing to distal tissues during hemorrhage

Measuring BP: Auscultatory Method
-Need to know brachial artery: this is where you usually take BP measurement
-Use sphygmomanometer (pressure cuff). Inflate until exert enough pressure to stop the flow of blood in the arm: when cuff pressure is greater than systolic pressure. At this point, brachial pulse cannot be felt or heard. 
-Then, listen (auscultate) with the stethoscope for a sound to reappear in brachial artery.
-Arteries go quiet. As they release pressure, listen for the arteries to start pushing blood through again. 
-The pressure read when the first tapping sounds (sounds of Korotkoff) are heard is systolic pressure. This is the first point at which a small amount of blood is spurting through a constricted artery. 
-As you keep releasing the pressure, these sounds will become louder and more distinct. Eventually, that sound will go away once the arteries are no longer constricted and blood flows freely. The point at which that sound disappears is the diastolic pressure.
-SP and DP, need to know average values. Influenced by many factors.

Bilan:
Arterial tree= when blood vessels leave the heart, all vessels branch from here
-Arteries expand while they accept blood from the heart. Then, they slowly recoil and release blood in a steady stream, determines pressure in all further vessels

4.3.9
Capillary Blood Pressure
-Capillaries are low pressure vessels: ranges from a high of 35 mmHg at point of entry to 17 mmHg at exit. Blood flows slowest through capillary beds to make sure proper exchange -This creates a difference in BP- blood flows from the high to the low points, so moves blood through the capillary bed. Important because:
(a) Need to be permeable and thin to allow for exchange, so are not built to withstand high pressure- high pressure would rupture the capillaries
(b) Most capillaries are extremely permeable and thus even the low capillary pressure can force solute-containing fluids out of the bloodstream into interstitial space.

Venous Blood Pressure
-Veins do not have a pump like arteries, no “driving force”. Venous BP is steady and changes little during the cardiac cycle. The pressure gradient in the veins is about 15 mmHg, from venules to termini of venae cavae. 
-Venous pressure usually too low to promote adequate venous return, so 3 adaptations:
1. Respiratory pump: moves blood up towards the heart as pressure chages in the ventral/thoracic body cavity as you breathe. Inhalation is an increase in abdominal pressure, squeezing local veins and forcing blood toward the heart. When pressure decreases, thoracic veins expand and speed blood entry into the right atrium. Propels blood back to heart
2. Muscular pump: consists of skeletal muscle activity. As skeletal muscles around the veins contract and relax, they pull the bones. As this occurs, they push blood through veins up into the heart. Once blood passes each successive valve, it cannot flow back. Skeletal muscle inactivity (ex. standing for a hairdresser) reduces venous return. 
3. Venoconstriction: (Vaso=arteries) Has to do with constriction/dilation of veins instead of arteries. Sympathetic venoconstriction reduces the volume of blood in the veins- the capacitance vessels. As the layer of smooth muscle in the media constructs under sympathetic control (is innervated by nerves from the ANS), venous volume is reduced and blood is pushed towards the heart. 
-These 3 adaptations all increase venous return, which increases stroke volume (F-S law), increasing the CO.

4.3.10
Maintaining, Changing, and Regulating BP
-Body has built-in system geared towards ensuring that every tissue in the body has an adequate rate of blood flow in response to their needs. (ex. sitting example)
-3 key factors influencing BP:
	-CO (SV x HR)
	-Peripheral resistance (determined by diameter)
	-Blood volume
BP = CO x Peripheral Resistance
-A change in any variable that threatens blood pressure homeostasis is usually compensated for by changes in the other variables so that a constant blood pressure in maintained.
-Short-term regulation by NS and hormones alters BP by changing peripheral resistance and CO
-Long-term regulation alters blood volume via the kidneys

4.3.11
Short Term Regulation: Neural Controls
2 Goals:
a. Alter blood distribution to respond to specific demands
b. Maintain adequate MAP by altering blood vessel diameter
-In response to long-term physiological changes, hormonal response kicks in
-Neural control is quicker, short-term
-Neuronal control acts quickly by changing blood vessel diameter. If total blood volume is low, will constrict, if too high, will dilate
-The only exceptions is to the heart and to the brain. Both organs are amitotic, if they lack a blood/nutrient supply they will not survive long, the cells will die and they can’t replicate themselves.

-Cardiovascular centre: clusters of neurons in medulla oblongata act together to integrate BP control by altering CO or blood vessel diameter. Work to accelerate/slow. Consists of cardiac centres (cardioacceleratory and cardioinhibitory centres) and the vasomotor centre.
-Vasomotor Centre: Controls the diameter of blood vessels. Is responsible for sending impulses to the arterioles. 
-VC transmits impulses at a fairly steady rate along sympathetic efferents: its projecting vasomotor fibers. These exit from the spinal cord and innervate the smooth muscles of blood vessels, mainly arterioles, constantly send impulses to them, even at rest. 
-So, arterioles are in a constant state of partial constriction. This is vasomotor tone.
-The degree of vasomotor tone varies from organ to organ. Skin and digestive viscera tend to receive more frequent impulses and tend to be more strongly constricted than those of skeletal muscles.
-Any increases in SNS activity will result in vasoconstriction, and rise in BP. Decreased sympathetic activity allows the vascular muscle to relax somewhat and lowers blood pressure to basal levels. PNS will either cause further constriction or dilation, will get BP increase or decrease.

Cardiovascular centre gets input from:
-Baroreceptors: detect changes in BP
-Chemoreceptors: detect changes in oxygen, carbon dioxide, etc
-Higher brain centres or hormones

1. Baroreceptor Reflexes
-Receptors that sense changes in pressure of the walls of the arteries in which they are located. 
-Are activated by arterial blood pressure rising.
-Found in carotid sinuses, aortic arch, and in the walls of nearly every large artery of the neck and thorax.
-When blood ejected from left ventricles into aorta, there is ascending aorta, aortic arch, and descending aorta. Aortic arch is the region between the ascending/descending aorta.
-Carotid arteries and vertebral arteries originate off brachiosopratic trunk, take blood to brain
-In carotid arteries, there is a small dilation, and that is where the carotid sinus is, where it senses changes in pressure
-When they are stretched, baroreceptors send a rapid stream of impulses to the cardiovascular centre, inhibiting the vasomotor and cardioacceleratory centres and stimulating the cardioinhibitory centre. The result is a decrease in BP.

-This decrease is caused by 2 mechanisms:
	-Vasodilation: MAP falls due to this. Then, venodilation shifts blood to the venous 	reservoirs, which decreases venous return and CO.
	-Decreased CO: Impulses to the cardiac centers inhibit sympathetic activity and stimulate 	parasympathetic activity, reducing heart rate and contractile force. As CO falls, so does 	MAP
	(And vice versa)
-Baroreceptors send signals to vasomotor centre, which will interpret the message in terms of what is believes is normal. Sends a response to smooth muscle in arterioles, which will either constrict or dilate.
-Constant input to vasomotor centre. Rapidly responding baroreceptors protect the circulation against short-term changes in BP. Baroreceptors in the carotid sinus reflex protect blood supply to brain, and those in aortic reflex help maintain adequate BP in systemic circuit.
-This response ensures that MAP is being regulated to a normal range
-However, they are relatively ineffective in protecting us against sustained pressure changes (such as hypertension). They can adapt to new set points, “forgetting” normal levels.

2. Chemoreceptors
-Monitors chemical changes in CO2, pH, O2, located in aortic arch and large arteries of the neck. Transmit impulses to the cardioacceleratory of inhibitory centres, depending on need.
-They also activate the vasomotor centre, which causes reflex constriction/dilation.
-Most prominent chemoreceptors are carotid and aortic bodies located close by the baroreceptors in carotid sinuses and aortic arch. 
-Play a larger role in regulating respiratory rate than BP

3. Influence of Higher Brain Centres
-Reflexes that regulate BP are integrated in the medulla oblongata of the brain stem. Although cerebral cortex and hypothalamus are not involved in routing BP controls, they can modify arterial pressure via relays to the medullary centres.
-ex. fight or flight response is mediated by the hypothalamus (epinephrine, norepinephrine), has huge effect on BP. It also mediates the redistribution of blood flow and other cardiovascular responses occurring during exercise and changes in body temp.

Short-Term Regulation: Hormone Controls
Hormones to memorize for short-term regulation of BP
1. Adrenal medulla hormones: released during periods of stress
-(Nor)epinephrine, fight-or-flight
-Both these hormones increase sympathetic response, increase CO and promote vasoconstriction
2. Angiotensin II
-When blood pressure/volume is low, kidneys release renin. Renin acts as an enzyme, ultimately increasing angiotensin II, which stimulates intense vasoconstriction, promoting rapid rise in BP. 
-It also stimulates the release of aldosterone and ADH, which act in long-term regulation of BP by enhancing blood volume.
3. Atrial natriuretic peptide (ANP)
-Produced by the atria of the heart, leads to a reduction in blood volume and BP. ANP antagonizes aldosterone and prods kidneys to extract more sodium and water from the body, reducing blood volume. Also causes vasodilation.
4. Antidiuretic Hormone (ADH)
-Aka vasopressin
-Stimulates kidneys to conserve water. Is not usually important during short-term BP regulation. However, when BP falls dangerously low as during severe hemorrhage, much more ADH is released and helps restore arterial pressure by causing intense vasoconstriction.

4.3.12
Long-Term Regulation: Renal Mechanisms (Kidneys)
-People with kidney problems, one of the symptoms is hypertension. The kidney plays an important role in regulating blood volume
-Role of kidney in maintaining BP kicks in when you need to have changes over a period of time
-Problem with baroreceptors: they tend to have a set point (like a thermostat, set at a certain point). They can adapt to different “normal” values when the body has a prolonged increase/decrease in BP. This is not good for the heart.
-This is where kidney comes in: they can restore BP by restoring blood volume. If volume increases, kidney will excrete more salt, and therefore more water. If volume decreases, this process will be inhibited. Has nothing to do with constriction/dilation, all has to do with rate of filtration. 

1. Direct action: the direct renal mechanism alters blood volume independently of hormones. When either BP or BV rises, rate at which fluid filters from the bloodstream into the kidneys speeds up. Here, kidneys cannot reabsorb fluid fast enough and most of it leaves the body in urine. Result: BP and BV fall.  
-Increased BV=increased BP  Increase in filtration of urine  decrease in BV=decrease in BP

2. Indirect action: the indirect renal mechanism allows kidneys to regulate BP indirectly via the renin-angiotensin-aldosterone mechanism. When BP declines, certain cells in kidneys release renin into the blood. Renin automatically splits angiotensinogen, converting it to angiotensinogen I. Then, angiotensin converting enzyme (ACE) converts angiotensin I to angiotensin II. This acts in 4 ways to stabilize BP and fluid volume:
	-Stimulates secretion of aldosterone from adrenal cortex
	-Stimulates release of ADH from pituitary
	-Triggers sensation of thirst thru hypothalamus
	-Vasoconstriction
Slide 28 puts it all together, important to go through this figure
-Need to understand how the factors work together, need to understand/define terms



Homeostatic Imbalances in Blood Pressure
-As a rule, BP varies over the course of the day. Depending on what you are doing, if you are sick/healthy, will go up and down. Normal blood pressure for adults is 120/80.
-Hypertension: chronically elevated BP, can be 140/90. This is a common and dangerous disease. “Silent killer”, usually asymptomatic for first 10-20 years, but slowly and surely strains the heart and damages the arteries as they need to work harder 24/7 to keep tissues supplied. Prolonged hypertension is a major cause of heart failure, vascular disease, renal failure, and stroke. With time, the heart becomes weak and walls are flabby. Also ravages blood vessels, accelerating atherosclerosis. 
-Primary Hypertension: most common, in which no underlying cause for this hypertension has been identified. This is due to a rich interplay between genes and environmental factors (heredity, diet, obesity, age, diabetes, stress, smoking). Cannot be cured, but can be controlled and these risk points mediated with lifestyle changes. Drugs can include ACE-inhibitors and angiotensin II receptor blockers.
-Secondary Hypertension: accounts for 10% of cases, is due to identifiable conditions like renal or endocrine disorders. Treatment focuses on correcting this underlying problem.
-Arteriosclerosis: hardening of arterials. Happens with time, usually can survive with that.
-Arthrosclerosis: buildup of fatty plaques on walls of blood vessels, will increase peripheral resistance, and increase BP. Heart works harder, this whole process is sped up by the fatty deposits.
-Hypotension: someone with low BP, below 90/60. This simply reflects individual variations, no cause for concern. Is only a concern when blood flow to extremities is lacking. Is often associated with a longer life and lack of cardiovascular illness. Orthostatic hypotension is a temporary drop in BP resulting in dizziness due to low oxygen in brain. Changing position can prevent this problem, gives nervous system time to adjust. Chronic hypotension is a sign of serious underlying condition (ex. hypothyroidism). Acute hypotension is an important sign of circulatory shock.

-Circulatory Shock: any condition in which blood vessels are inadequately filled and blood cannot circulate normally. 
-Hypovolemic shock: most common form, results from large-scale hemorrhaging, causing the blood volume to drop and heart rate to increase in attempt to correct the problem. A weak pulse is often the first sign. Intense vasoconstriction also occurs, shifting blood from reservoirs to major channels to replace fluid volume. BP is stable at first, but will drop if fluid loss continues. Managing this condition means replacing the fluid as soon as possible. 
-Vascular shock: blood volume is normal, but circulation is poor due to extreme vasodilation. A huge drop in peripheral resistance follows, revealed by rapidly falling BP. At this point, blood is not being distributed according to needs. A common cause is anaphylaxis or sepsis.
-Cardiogenic shock: “pump failure”, heart is so inefficient that it cannot sustain circulation. Usually caused by myocardial damage, such as by infarction. Might give you a drug like digitalis to increase force of contraction

4.3.13
Mechanisms of Adjustment of Blood Flow According to Need
-Blood flow to each organ is in response to needs of that organ
-Organs can regulate the flow of blood in response to particular needs
-Blood flow to the brain never changes
-Depending on what you are doing, blood flow to the heart can increase dramatically
-Because you are exercising, huge change in amount of blood going to skeletal muscles
-Also increases to the skin
-Huge decrease in abdomen and kidneys, redirecting blood from here

2 Mechanisms to Redirect Blood Flow
1. Metabolic (Chemical) Control: when blood flow is low, a tissue’s O2 levels decrease and waste [ ] will increase. These serve as stimuli that leads to increased blood flow.
-The metabolic factors involved in this are low O2, high H+ from CO2 and lactic acid, K+, adenosine, and prostaglandins
-NO, nitric oxide, is a powerful vasodilator, but it is quickly destroyed. 
-The net result is immediate vasodilation of arterioles in an area of capillaries that need blood.
-Hyperemia: increase in blood flow in response to needs
-Active hyperemia: increase in blood flow when you are studying- increase of blood to brain; when you have eaten a mean, increase of blood to GI tract. Simply a response to needs of tissues
-Reactive hyperemia: What happens when an area has been denied blood flow for a period of time, and then the barrier is removed. Will get dramatic blood rush (excess flow) to that area until it returns to normal nutrition levels, then you will have normal blood flow levels. 
Ex. when you remove a tourniquet; when you remove the angioplasty from a 	coronary artery
2. Myogenic Controls: myogenic responses of vascular smooth muscle prevent organ problems that would be caused by fluctuations in systemic BP
-Vascular smooth muscle responds directly to increased stretch with increased tone, which resists the stretch and causes vasoconstriction. Triggered by a physical reaction in the walls of the arteriole
- The opposite reaction also will occur: Reduced stretch promotes vasodilation and increases blood flow into the tissue.
-This is coupled with the metabolic controls, both mechanisms that affect blood flow. Results in tissue perfusion homeostasis so cells are not deprived of nutrients and capillaries are not damaged

Slide 34 brings it all together
-Metabolic and myogenic are intrinsic mechanisms
-Neuronal and hormonal are extrinsic mechanisms
-NO secreted by endothelium of blood vessels

4.3.14
-Entire circulatory system concerned with moving blood around to get to capillary beds. Flow through capillary beds is extremely important for the functioning of this system: it is the whole purpose
-Capillaries are point of communication between interstitial fluid and blood
-Interstitial fluid is fluid outside of cells
-Difference in solutes between interstitial and blood  diffusion

Velocity of Blood Flow
-4000 times slower blood flow in the capillaries than in aorta
-Blood flow dependent on resistance, which is dependent on vessel length, so will speed up in wider aorta, then decrease as vessels get smaller
-Caused by changes in cross section through the different vessels
-So, fastest speed is in the largest vessels. Speed changes throughout circulation.
-Speed is inversely related to the total cross-sectional area. Blood flows fastest in large arteries and veins, whose cross-sectional area is smallest (river), and slowest in the capillaries, who have a larger combined cross-sectional area (lake).

-Precapillary sphincters: control flow of blood through a capillary bed
-When they contract, closes off capillary bed, will shunt blood through vascular shunt and send them straight to veins
-The flow of blood through the capillary bed: slow and intermittent. This intermittent flow is due to vasomotion, the on/off closing and opening of precapillary sphincters, which respond to the same local autoregulatory signals that affect arteriolar diameter.

What happens at the capillary bed?
-Exchange of fluids, and exchange of molecules
-2 mechanisms:
A. Molecules get across capillary beds by 4 routes
1. Simple diffusion: lipid-soluble molecules like respiratory gases can be exchanged by simple diffusion through the cell membrane
2. Through clefts: fluid-filled intercellular capillary clefts will allow small water-soluble solutes, such as amino acids and sugars, to pass through. The area in which capillaries are found in the body determines the size of the clefts, (brain capillaries mostly impermeable)
3. Through fenestrations: also water-soluble solutes, such as in (2)
4. Active transport: of larger molecules such as proteins via pinocytotic vesicles or caveolae. Get an invagination of simple squamous epithelium, will pinch off into a vesicle, the vesicle will flow around in capillary bed, eventually they will rupture and will be carried by the blood.
B. Bulk Flow: fluid movement
-How fluid leaves and shows up in bloodstream
-As arterial end, fluid is leaving. At the venous end, it is reclaimed. This is driven by forces acting on capillary bed. Within the capillary, there is the force of the blood pushing against the vessel walls. There is also proteins that tend to pull water towards themselves if they happen to be in a region where their concentration is higher. So, we have a push pressure and a pull pressure. We have the same thing happen with the interstitial fluid. They have a push pressure (pushing against capillary wall) and have dissolved proteins that will pull water towards them. The differences in these pressures will determine whether you have fluid leaving via the capillaries, or fluid being reabsorbed by the capillaries.
-Bulk flow is extremely important in determining the relative fluid volumes of the bloodstream and interstitial space
-2 dynamic, opposing forces:
1. Hydrostatic pressure: “push pressure”, force exerted by fluid pressing against a wall. In capillaries, HP is the same as capillary BP. 
-Capillary hydrostatic pressure (HPc) tends to force fluids through capillary walls, leaving behind cells and most proteins. Is higher at arterial end (35 mmHg) than venous end (17 mmHg)
-Interstitial fluid hydrostatic pressure (HPif): opposes blood pressure, acts outside the capillaries and pushes fluid in. However, there is usually little fluid in the interstitial space b/c of lymphatic vessels. Is the pressure of interstitial fluid against the wall of the capillary. This value may vary from slightly negative-slightly positive, but usually assumed to be 0.
2. Colloid osmotic pressure (OP): “pull pressure”, is the force opposing hydrostatic pressure; sucking pressure created by large nondiffusable molecules like plasma proteins (albumin) that are unable to cross the capillary wall. Such molecules draw water towards themselves, they encourage osmosis because the water concentration in their vicinity is lower than on the opposite side of the capillary wall. 
-Capillary colloid osmotic pressure (OPc): aka oncotic pressure, is approx. 26 mmHg. Is the pressure developed by the abundant plasma proteins in capillary blood (albumin).
-Interstitial fluid has few proteins, so its OPif is lower, 0.1-5 mmHg. 
-Unlike HP, OP does not vary significantly from one end of the capillary bed to the other.

At arterial end of capillary:
-Plasma is aqueous based, have fluids moving between the two
-Have hydrostatic pressure, 35 mmHg
-Have osmotic pressure, 26 mmHg
-Hydrostatic pressure in interstitial fluid: essentially 0
-Osmotic pressure created by proteins dissolved in interstitial fluid, essentially 1 mmHg

The interaction between these four pressures will determine fluid flow. The net filtration pressure (NFP) is the pressure driving fluid out of the capillary, is the difference between the sum of the pairs of pressures. In this example, we have a net pressure of 10 mmHg, which is a net outwards flow. Fluid moves from capillary to interstitial space.
-We calculate the NFP: (HPc + OPif) – (HPif + OPc)
-A negative NFP indicates a net inwards pressure, so reabsorption if occurring- fluid moves from the interstitial space into the capillary.
-A positive NFP indicates a net outwards pressure, so filtration is occurring- fluid moves from the capillary into the interstitial space.

At the venous end of capillary:
-Hydrostatic pressure has dropped from 35 to 17 mmHg
-This is the only pressure that has changes significantly. Now, we have a net filtration pressure of   -8 mmHg. Means that we are resorbing, fluid is moving from the interstitial space into the capillary.
-Mean that we are losing more fluid at the capillary end than we are reabsorbing at the venous end.
-1/10 of fluid does not come back, and is carried back by the lympathic system

Edema: an abnormal increase in the amount of interstitial fluid. Caused by either an increase in outwards pressure (driving fluid out of the capillaries), or a decrease in inwards pressure. Another cause is lymphatic system abnormalities:
-You lose 3-4 mL/min of fluid that is not returned to circulatory system
-Lympatic system collects the fluid, and takes it back to the circulatory system
-If the system fails, you end up with edema (swelling, accumulation of fluid in interstitial space). Can be caused by pressure difficulties, or lymphatic system can get blocked. The passage way back into the circulatory system is blocked


NAMING BLOOD VESSELS
Need to sit down with book and memorize
-Very helpful to get blank papers and try to label them. 
-Also helpful to learn the vessels by sections: head, legs, arms…
-For deep arteries and deep veins, tend to have the same name, and also names the organ they are supplying

2 main circulations: pulmonary (heart to lungs and back to heart) and systemic (long loop, all the way from heart to body and back to heart) circulations
-Are named based on direction they are taking blood relative to the heart. 
-Veins tend to be deep and superficial
-Arteries tend to be deep and protected by tissues, because the pressure is so high that is you cut it, it spurts

-Superior vena cava drains the upper part of the body, inferior drains the lower part of the body

Pulmonary Circulation
-RA and RV  pulmonary trunk  2 pulmonary arteries  split into two arteries on left side, 3 on right side  back to heart
-The really big diagram of heart and lungs are not on exam

-Brachia= arm, femoral = femur, axillary = under arm, cervical = neck…

Systemic
-Leaves via aorta, comes back via superior/inferior vena cava
-Brain drains into dural venous sinuses
-Venous system drains into hepatic portal system

-We are not going to learn some of the orgain-specific arteries line renal and gonadal artery. You do have to learn specific digestive arteries

Coronary Circulation
-2 arteries at base of aorta: right and left coronary artery, branch from ascending aorta. Are the basis for arterial blood supply. Need to know right marginal artery, others

Aorta
-4 regions: ascending aorta, aortic arch, descending thoracic aorta, and abdominal aorta. All arteries we are required to learn branch off the aorta. 
-Ascending aorta travels up, curves a bit (arch), then begins to descend. Aorta does through aortic hiatus, then become abdominal aorta. Then, splits into left and right iliac arteries.

Arteries of the Head and Neck
-Right and left sides are different
-3 vessels originate from aortic arch, ex. brachiocephalic trunk (means head arm artery)
-Trunk means conglomeration that will split
-Will bifurcate into subclavian artery and common carotid
-Subclavian will run between clavicle, through first rib, will go on to supply structures of the arm
-Common carotid splits into internal and external carotid arteries, which will go on to supply the brain. There is a branch that supplies the face, the facial artery. External carotid tends to supply superficial structures. The internal supplies the brain. 
-The vertebral artery also comes off the brachiocephalic trunk, enters brain through vertebrae. Cervical vertebrae have unique shapes, can identify based on holes. These holes accept the artery as it rises into blood
-Right and left vertebral artery, and R and L internal carotid artery supply the blood. As they get to the brain, form a structure called the circles of Willis. Come together to form the basilar artery, which branches into two around the pons. Get R and L posterior cerebral artery. 
-The connections in between the major arteries are arterial shunts, join one arterial supply to another. Reason: brain cannot afford to live without a proper blood supply. If any of the pathways are blocked, you have alternative pathways. This is one of the most important blood supplies in the body.
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-Don’t need to know super specifically which parts of the brain are supplied by particular vessels
-When brachiocephalic trunk goes down the right arm
	-Axillary = armpit
	-Anterior circumflex artery wraps around
	-Brachial splits into 2:
	-Radial and Ulnar
		-Radial artery is the one you palpate for the pulse. If you are in the anatomical 			position, palms facing forward, radial artery will always be facing the thumb side
	-Deep palmar arch, to superficial palmar arch

Thorax: want to know supply of intercostals
-Internal thoracic artery branches off the subclavian
-Off of anterior intercostal, vessels branch off to supply intercostal muscles
-Thoracic Aorta
-Diaphragm is served by the superior/inferior phrenic arteries (not in slides but need to know)

Need to know 3 Major: celiac trunk (most superior of the three, branches supply the major organs), superior mesenteric artery (supplies small intestine), inferior mesenteric artery (supplies large intestine). Must be able to identify on a diagram and know what they supply

Lower limbs: descending aorta terminates in left and right common iliac artery. This artery courses downwards until it hits the toes, it has many branches that are named for the area that they supply. 
-Common iliac  external iliac and internal iliac
-Internal iliac artery supplies the structures in the pelvis (ex bladder)
-External iliac becomes the femoral artery at the thigh (same vessel but new name)
-As the femoral artery passes downwards, it bifurcates at the knee. There is a muscle there called popliteal muscle which is very important for knee function. So, as it courses behind the knee it becomes the popliteal artery. Then, it bifurcates: becomes anterior tibial and posterior tibial artery.
-Branching off posterior tibial is the fibular artery,
-Then they end in ringed structures. Splits into two at the foot: medial and lateral plantar arteries, these join together to form a plantar arch. 

In big flow chart, are not responsible for the 2 rows just under thoracic aorta. Only need to know those that were mentioned above that supply intercostal muscles

Veins
-Deep veins tend to run with the arteries, further from the surface. Follow a similar pattern.
-Also superficial veins

-Great, anterior cardiac veins  coronary sinus that empties into right atrium
-We have veins of a similar name that drain the structures of the head. All end up connecting to the external jugular vein
-Will connect to vertebral artery  subclavian  superior vena cava
-Only difference here between veins and arteries are the external and internal jugular veins

-Superior and inferior sagittal sinuses (major blood supply of the head) drain into right internal jugular vein. These are the only two we need to remember

Veins of upper limbs
-Superficial venous palmar arch and deep venous palmar arch are where veins draining upper limbs originate. Deep venous palmar arch becomes the radial and ulnar veins, which become the brachial vein, which merges with the axillary vein, goes to right subclavian, and to the superior vena cada. 
-Cephalic vein and basalic vein, median cubital vein (best place to take a sample of blood, crosses the veins), basilica. 

Veins of the Hepatic Portal Control
-In the abdomen, blood goes thru 2 capillary beds before going back into the blood supply
-This is because the nurtrients from food will leak back into blood supply. That nutrient-rich blood goes through the hepatic portal system (liver) before going back to blood supply. In the liver, it is processed (ex. sugars go to glycogen), after it has been processed, what remains is dumped by the hepatic veins back into the system. 
-Inferior/superiar mesenteric veins drain the intestines. These veins connect with the hepatic portal vein, which will join with the splenic vein to form the hepatic portal vein. After processes have taken place, blood transferred to hepatic veins and goes back into the system

Lower Limbs
-Similar as in arterial supply
-Dorsal venous arch, from that we have the great saphenous veins, and a small saphenous vein. We have dorsalis pedis that go on to give rise to the deep veins of the leg. There is sometimes an arterial part of dorsalis pedis. Near the ankle, there is a region around the two bumps that you can palpate to see if you feel the arteries. Dorsalis pedis goes to anterior tibial vein, becomes the popliteal vein, eventually leads to the external iliac artery, leads into inferior vena cava. 

We should be able to trace the flow of blood from the ventricle through the body, back through the veins, and come back into the atrium, for any blood supply, in an exercise. 
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