Blood Vessels and Hemodynamics

There are 3 types of blood vessels: arteries, capilleries, and veins. The order of blood flow is as follows: heart, large arteries, smaller arteries, arterioles, capilleries, venules, larger and larger veins until it empties back into the heart. Arteries carry blood away from the heart and veins carry blood toward the heart, capillaries directly serve cellular needs due to their intimate contact. 
Blood vessels in general have 3 distinct converings, tunics upon their inner lumen, the area where blood is contained. These are the tunica intima, tunica, media, and tunica externa. 
The tunica intima is composed of simple squamous epithelial, basemembrane and loose CT may support the endothelium in vessels larger than 1 mm. 
The tunica media is composed of smooth muscle cells and elastin, the autonomic nervous system regulates it by use of vasomotor nerve fibers which stimulate it to either vasodilate or vasocontrict, greatly affecting blood dynamics.
The tunica externa/aventitia is composed of loose collagen to protect, anchor and reinforce. It houses nerve fibers, lymph vessels, and elastic fibers, in larger vessels theres a vasa vasorum, a system of tiny blood vessels that supply the external tissues with nourishment. 
All blood vessels have relatively the same amount of endothelium, but only arteries have elastic tissue. The amount of smooth muscle increases, as the size of the vessel increases and collagen tissue is most abundant in veins and muscluar arteries. Capillaries only contain endothelium. 

There are three types of arteries –elastic arteries, muscular arteries, and arterioles. 
Elastic/Conducting Arteries are thick walled and near the heart, they have a large lumen and thus are low resistance. Contain large amounts of elastin, mostly in the tunica media (resembles swiss cheese because of its holey nature) the arteries are basiclally pressure resevoirs, keeping blood flowing continously. 
Muscular/Distributing Arteries deliver blood to specific body organs, their diameter ranges from little pinky to pencil lead. They are mostly tunica media and their tunica contains more smooth muscle and less elastic tissue than elastic, and thus they are more active in vasoconstriction and less capable of stretching. 
Arterioles are the smallest of the arteries 0.3mm to 10um. Larger ones have all 3 tunics but small ones are just  a single layer of smooth muscle around endothelial lining. Minute to minute blood flow into capillary beds are determined by arteriolar diameter, which varies in response to hormonal, neural, and chemical influences. When areterioles constrict, the tissues are severely bypassed, when they dilate blood flow increases dramatically. 

Capillary walls consist of just thin tunica intima, in some cases just one-endothelial cell thick. Some capillaries are just pericytes, spider shaped stem cells that generate new vessels or scar tissue. Average length is 1 mm and average lumen diameter is 8-10um, just enough for a RBC to slide through single file. Capillaries are the back alleys and driveways that provide direct access to every cell, they exchange material between blood and interstitial fluid.  The three types of capillaries are continous capillaries, fenestrated capillaries, and sinusoid capilaries. They all have tight junctions that join their endothelial cells together, however these junctions are gapped (intracellular clefts) allowing limited passage of fluids and small solutes. This is what sets the three apart.
Continous capillaries are the least permeable and least common, they are abundant in skin, muscles, lungs and CNS.
Fenestrated capillaries have large fenestrations (pores) that increase permeability and occur in areass on active filtration or absorption and areas of endocrine hormone secretion. 
Fenestrations are usually covered by a thin diaphragm made of extracellular glycoproteins. 
Sinusoid capillaries are the most permeable and occur in limited locations (liver, bone marrow, spleen, and adrenal medulla), have very large intercellular clefts and fenestrations, incomplete basement membranes, are irregularly shaped and have larger lumens, allow larger molecules through, and blood flows slowly. 

Capillaries form interweaving networks called capillary beds, the flow of blood thorugh a capillary bed is called microcirculation. A capillary bed consists of two types of vessels (1) vascular shunt (short vessel that directly connects the arteriole and venule at opposite ends of the bed, made of a metarteriole and thoroughfare channel) and (2) true capillaries (the actual exchange vessels). Precapillary sphincters surround the root of each true capillary at the metarteriole and acts as a valve to regulate blood flow into the capillary. When the sphincters are open blood flows through the true capillaries, when they are closed it flows through metarteriole-throughfare channel and bypasses true capillaries. The bed may be completely filled or completely bypassed, depending on the conditions on the or that specific organ. 

Veins carry blood from the capillary beds toward the heart, along the route the diameter increases.
Venules are 8-100um, postcapillary veniles consist entirely of endothelium around which pericytes congregate, and are very porous, fluid and WBC move easily from the bloodstream to their walls. 
Venules join to form veins; their walls are thinner and their lumens larger than of corresponding arteries. There is less smooth muscle and elastin, the tunica externa is the heaviest wall layer and consists of bndles of colagen fibers and elastin networks. Veins are called capacitance vessels and blood resevoirs because they can hold up to 65% of the bodies blood supply at a given time. The low pressure condition of veins require a few adjustments so that blood is pumped back to the heart at the same rate, some of this comes from large-diameter lumens, which don’t resist blood flow. 
Venous Valves prevent blood from flowing backwards in veins just as in the heart (help compensate fow low venous pressure) they are formed from folds of tunica intima and most abundant in the limbs, where gravity opposes the upward flow of blood. 
Varicose Veins are dilated due to leaky valves and could be due to heredity or other things such as standing for a long amount of time. 
Venous Sinuses are highly specialized flattened veins with very thin walls composed of just endothelium. The tissues around them rather than other tunics support them.

Anastomoses are special interconnections between blood vessels. Arteries supplying the same territory often merge, forming arterial anastomoses, which provide alternate pathways called collateral channels. Arterial anastomoses occur around joints where active movement may hinder blood suply through one channel. The metarteriole-thoroughfare channel shunts of cap beds are examples of artriovenous anastomoses, veins interconnect more freely than arteries, and venous anastomoses are common. 
 
Blood flows from high to low pressure against resistance.  Blood flow is the volume of blood flowing through a vessel, an organ, or the circulation in a given period. Blood flow is equivalent to CO and is constant under resting conditions, but blood flow to specific organs varies based on needs. 
Blood Pressure is the force per unit area exerted on a vessel wall by the blood. Blood pressure means systemic arterial blood pressure in the largest arteries near the heart. The pressure gradient is what drives the blood to keep moving. 
Resistance is the opposition to flow or the amount of friction encountered. Most friction is encountered in the peripheral (systemic) circulation away from the heart, peripheral resistance. There are 3 important sources of resistance: blood viscosity, vessel length, and vessel diameter. 
Blood viscosity is the internal resistance to flow that exists in all fluids, the thickness of the fluid. The less viscous, the easier molecules slide. Blood viscosity is fairly constant but certain conditions can increase viscosity. 
Total blood vessel length, as vessel length increases so too does resistance.
[image: ]Blood vessel diameter changes frequently and significantly alters peripheral resistance. Fluid near the wall of the vessel moves slower than that in the center due to the friction of the fluid moving against the wall. Laminar flow or streamlining means that speed and position remain pretty constant in the area of a cross section of a tube. The smaller the tube the greater the friction, more of the fluid is contact with the wall. Resistance is inversely proportional to the fourth power of vessel radius. Large arteries near the heart do not contribute to peripheral resistance byt small arterioles that enlarge of constrict are major determinants. Turbulent flow occurs when the smooth flow encounters a bump such as from atheroscolerosis. 
 	Blood Flow (F) Blood Pressure (P) Resistance (R)
Blood Pressure Decreases as Blood Flows from Arteries Through Capillaries Into Veins. The pumping action of the heart generates blood flow, pressure results when resistance opposes flow. 
Systemic blood pressure is highest in the aorta and decreases through the pathway to finally reach 0 mm Hg in the right atrium. The steepest drop occurs in the arterioles (due to greatest resistance). 
Arterial Blood Pressure reflect 2 factors (1) how much the elastic arteries close to the heart can stretch compliance/distensibility (2) volume of blood forced into them at a given time. Blood pressure is pulsatile, it rises an falls in regular fashion in the elastic arteries near the heart. 
As the left ventricle contracts and expels blood into the aorta it stretches the elastic aorta and aortic pressure reaches its peak, systolic pressure. 
During diastole the aortic valve closes, making the walls recoil and the aortic pressure drop to 70/80 mmHg, diastolic pressure. Pulse pressure si the difference between systolic and distolic pressure. Increased stroke volume and faster blood ejection increases pulse pressure temporarily. 
Mean Arterial Pressure is the pressure that propels blood to the tissues, diastole lasts longer than systole thus MAP is 
Measuring blood pressure is done by a sphygmomanometer … 
By the time blood reaches capillaries blood pressure has dropeed to 35mm Hg and by the end of capillary bed is 17mmHg. This is desireable because (1) capillaries are fragile and high pressure would rupture them (2) capillaries are extremely permeable, even low capillary pressure can force solute-containing fluids out of blood into the interstitial space. 
Despite structural modifications (large lumen and valves) venous return is often too low due to low pressure, there are certain alterations (1) the muscular pump (2) the respitory pump (3) sympathetic venoconstriction. 

Blood pressure regulation is reliant on cardiac output, peripheral resistance, and blood volume. 


Short Term Regulation, neural controls can alter both cardiac output and peripheral resistance. Neural controls of peripheral resistance are directed at two main goals: (1) maintaining adequate MAP by altering blood vessel diamter and (2) altering blood distribution to respond to specific demands of various organs. Neural controls operate via reflex arcs involving barorecpetors and associated nerve fibers in the cardovascular center of the medulla – autonomic fibers to the heart and vascular smooth muscle. 
Barorecptor Reflexes in the cartoid sinus, aortic arch and walls of majory arteries of neck and thorax send stream of impulses to cardiovascular centers. The mechanisms that bring this about are vasodilation and decreased cardiac output. 
Vasodilation, arteriolar vasodilation reduces peripheral resistance so MAP falls. Venodilation shifts blood to venous reservoirs, decreasng venous return and CO. 
Decreased Cardiac Output, inhibit sympathetic activity and stimulate parasympathetic activity, reducing HR and contractile force, reducing CO and thus MAP. 
Chemoreceptor Reflexes in the large arteries of the neck or aortic arch transmit impulses when CO2 levels rise, pH changes, or O2 levels drop. This increases CO. They also activate the vasomotor center, causing vasoconstriction. Cartoid and aortic bodies near aortic arch and cartoid sinus are the major ones. 
Hormones change peripheral resitance to regulate blood pressure. 
Adrenal Medulla Hormones like EP or NE  enhance sympatetic response, increase CO and promote vasoconstriction. 
Angiotensin II generated by renin stimulates intense vasoconstriction, rapidly rising sytemic BP 
Atrial Natriuretic Peptide (ANP) from the atria of the heart reduces BV and BP, kidneys excrete more sodium and water.
Antidiuretic Hormone from the hypothalamus stimulates kidney to conserve water, can cause intense vasoconstriction. 

Kidney and Long Term Regulation alter blood volume rather than CO and resitance. Renal metabolism keeps varying blood volume near 5 L where baroreceptors cannot. 
The direct renal mechanism alters BV independatnly of hormones, when BV or BP rise, the rate at which fluid filters into the kidney tubules increases, the kidney cannot reabsorb fast enough and thus a lot more is lost in urine. As blood volume goes so too does arterial BP. 
Indirect Renal Mechanism regulates BP via the renin-angiotensin-aldosterone mechanism. When BP declines kidney cells release renin which enzymatically splits angiotensin (plasma protein) into angiotensin I which is then turned to angiotensin II which 
[bookmark: _GoBack](1) stimulates the adrenal cortex to secrete aldosterone which moves sodium and water into the bloodstream (2) causes post pituitary to realease ADH, promoting water reabsorption 
(3) triggers thirst and water consumption 
(4) acts as potent vasocontrictor.

Intrinsic and Extrinsic controls in determining blood flow through tissues. 
Intrinsic controls (autoregulation) makes sure that the blood flow to various organs is in exactly the right amount to provide for proper function.
Extrinsic controls act on arteriolar smoth muscle to maintain blood pressure and make sure critical tissues are never deprived, the controls act via the nerves (sympathetic nervous system) and hormones of nervous and endocrine systems. 
Normally, the brain recieves 13% of blood, heart 4%, kidneys 20%, abdominal organs 24%, and skeletal muscles 20%. During exercise however skeletal muscles need more blood and thus blood flow to kidney and digestive organs decreases. 
Autoregulation, Metabolic Controls (Local). Acts to increase the blood flow to needy tissues through vasodilation. This is usually done thorugh increases levels of CO2, adenosine, H+ K+, heat and inflammatory chemicals. NO is a powerful vasodilator. 
Myogenic Controls of vascular smooth muscle prevents inadquete blood perfusion through an organ (due to too low or high arterial presure). The smooth muscle responds directly to passive stretch and resists it, promoting vasodilation and improving blood flow to the tissue. 
Long term Autoregulation may develop over weeks or months, increaseing the number of blood vessels in that region angiogensis and is common in high-altitude areas. 

Capillary Exchange of Respitory Gases and Nutrients. The routes across capillaries for different molecules are:
(1) gases diffuse thorugh lipid bilayer of the endothelial cell 
(2) water-soluble solutes, aa’s and sugars pass through capillary clefts or 
(3) fenestrations 
(4) large molecules actively transported in pinocytotic vesicles.
 
Bulk Flow, fluid leaves capillaries at arterial end and returns at venous end, determines relative fluid volumes in blood and interstitial space. Dependant on two opposing factors 
(1) hydrostatic force exerted by fluid pressing against the wall theres 
(a) capillary hydrostatic pressure (b) interitial fluid hydrostatic pressure 
(2) colloid osmotic “sucking” pressure created by non-diffusable preoteins 
(a) capillary colloid osmotic pressure (b) intersitial fluid collod osmotic pressure. 

See pages 723-235

Net filtration pressure considers all the forces acting on the capillary bed. 
Edema is an abnormal increase in the amount of intersitial fluid. It can be addressed in terms of pressures that drive bulk flow. Either an increase in outward pressure (out of capillaries) or a decrease in inward pressure. Can also be caused by decreased drainage of intersitial fluid through lymphatic vessels or blocked by disease or removed. 
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