The Venous System

With the exception of a few large vascular trunks, arteries and veins have the same names (e.g., femoral artery and vein). The venous system in general divided into a superficial venous net, embedded between muscle fascia and skin, and a deep system. So-called perforating veins connect the superficial and deep venous systems with each other. A single venous trunk accompanies large arteries, smaller arteries as a rule by two. In the extremities, the large vessels always run on the flexor side of joints. 

      At numerous sites in the systemic circulation, blood can reach certain regions by indirect routes, which detour normal flow. If these other routes can enlarge to the point where adequate circulation was maintain even when the main blood supply is interrupt, the circulatory detour is called collateral circulation. This is true for veins as well as arteries.

     At the level of the trunk, completely the venous system arranged on a different principle from that of the arteries. The superior vena cava collects the blood from the head, neck, and arm (Fig. 25). It is formed by the confluence of two short venous trunks, the brachiocephalic veins (innominate veins), each is formed by the junction of the left and right subclavian and internal jugular veins. The left brachiocephalic vein also receives the thyroid vein. Additionally, the superior vena cava receives the azygos vein, which among other areas drains the intercostal spaces. The subclavian veins collect the blood from the superficial and deep veins of the upper arm (see Fig. 5.27).

The inferior vena cava is form on the right side by the junction of the right and left common iliac veins between the 4th and 5th lumbar vertebrae. It is the largest vein in the body, with a diameter of about 3 cm (Fig.25). In its cephalad course it receives the two renal veins and, just before piercing the diaphragm (caval opening, foramen venae cavae), the three hepatic veins. Immediately above the diaphragm, it enters the right atrium. The blood from the unpaired abdominal organs, such as the stomach, small intestine, large intestine, spleen, and pancreas is channeled by the portal vein to the liver (Fig. 26).The blood from the pelvis (internal iliac veins) and the lower extremity (external iliac veins) reaches the inferior vena cava through the common iliac veins (Fig. 28).At the inguinal ligament the external iliac vein continues as the femoral vein, which receives among others the great saphenous vein (Fig. 28). The small saphenous vein drains into the popliteal vein, a deep vein of the leg, which collects blood from the muscles of the lower leg and channels it to the femoral vein. The saphenous veins communicate with the deep veins of the leg by way of the so-called perforating veins.
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Fig..28    Overview of the most important veins
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                                                                                     Fig.26    the portal system                                                    
         Fig.27    Overview of the 

  most important veins of the upper extremity  

Physiological Principles of the Vascular System

Flow, Pressure, and Resistance in the Vascular System

If we use the universal laws of physics for blood flow through the vascular system, then Ohm’s law for electrical circuits states:

 Intensity (flow rate) =    Pressure difference
                                               Vascular resistance        
flow rate increase with increasing pressure difference, and decrease with increasing vascular resistance. To overcome the flow resistance created by the internal friction of the flowing fluid. Blood flows relatively easily through the large vessels, but the smaller arteries, and especially the arterioles and capillaries, oppose flow by the high resistance created by their small diameter (peripheral resistance). Thus, the greater the peripheral resistance, the greater the pressure necessary to overcome it. In principle, then, the functioning of the vascular (=circulatory) system rests on the generation of a fall in pressure from arteries to veins, which maintains blood flow. Since in the systemic circulation the mean arterial pressure declines from about 100mmHg (the mean of systolic pressure of 120mmHg and diastolic pressure of 80 mmHg) to about 3 mmHg, the pressure gradient is about 97 mmHg. Hence the performance of the circulation can be adapted to the body’s needs by changing the flow rate (pumping performance of the heart = cardiac output) and the resistance to flow (peripheral resistance). For the systemic circulation therefore:

Cardiac output = Blood pressure difference
                                   Peripheral resistance

          Since the elevated pressure in the systemic circulation always places a considerable load on the vascular walls, it is maintain as constant as possible. Adaptation to altered conditions in the circulation then occurs preferentially by changing the pumping performance of the heart or the peripheral resistance. When, for example, the total need for blood rises because of increased muscular activity, cardiac output rises and peripheral resistance lowered by dilation of the vessels in the muscles. In this way, lowering or raising the peripheral resistance in specific organs can give rise to the redistribution of the cardiac output according to need from some organs in favor of others.

Distribution of the Cardiac Output (CO)

         The distribution of blood flow to various organs at rest and during activity varies a great deal and depends on the requirements at each site (e. g., oxygen consumption and metabolic activity) but also on the local anatomy. Thus the organs in the systemic circulation that are connected in parallel (e. g., brain, gastrointestinal tract, kidneys, muscles, skin) receive only a part of the CO, whereas the serially connected pulmonary circulation receives the whole CO. As a rule, an active muscle must be perfuse better than a resting one, though certain organs such as the kidneys must be maximally perfused even at rest. The distribution of cardiac output to the various organs depends on the widely varying regional flow (vascular resistances). For instance, 15−20% of resting cardiac output goes to the muscles, but during strenuous physical activity, this may increase to 75%. During digestion, a relatively large portion of the CO goes to the gastrointestinal tract. The perfusion of the skin also increased during strenuous physical activity or with raised outside temperatures, in order to facilitate heat loss. Other organs, such as the brain, which is very sensitive to oxygen deprivation, must always receive an adequate blood supply (about 15% of CO). To maintain their control and elimination functions, the kidneys also must receive about 20−25% of the CO even at rest and so are well perfuse in relation to their weight (0.5% of body weight).

Regulation of Organ Perfusion

      The perfusion needs of any one-organ can meet in two principal ways:

· Increase in the arterial blood pressure

· Reduction in the peripheral resistance

A rise in blood pressure, however, is not the most suitable solution, since all organs would receive more blood flow, and a doubling of the blood pressure (240/160 mmHg) would only result in doubling of the flow. Reduction in the peripheral resistance, however, by localized vasodilatation (widening of the blood vessels) leads to a significant change in blood flow. This is because of hemodynamic physics, by which the resistance to fluid flow in a tube (blood vessel) depends on the length of the tube, the viscosity of the fluid, and the fourth power of the radius of the tube (r 4) (Hagen−Poiseuille law). Thus, a reduction in arterial radius of just 16% would double the resistance. On the other hand doubling the radius of the vessel would result in a 16-fold increase in blood flow.

     Since the greater part of all the peripheral resistance is located in the small arteries and the so-called “precapillary arterioles,” these may be describe as the vascular resistance. The regulation of peripheral blood flow therefore depends above all on the regulation of the muscle tone of small arteries and arterioles. Thus the vessels narrow (vasoconstriction) with contraction (increased tone) of their smooth muscles, while if the muscle fibers relax the vessels dilate passively. The state of contraction of the vascular musculature essentially influenced by local factors auto regulation or by hormonal or nervous signals.

Auto regulation of Vascular Tone                                                                                                                           

       Among other factors, lack of oxygen leads to vasodilatation, so that blood flow and with it oxygen transport rise. Similarly, an accumulation of metabolic products (e.g., carbon dioxide, hydrogen ions) increases local blood flow. In this way, blood flow adjusts itself to local need.
Nervous and Hormonal Control of Vascular Tone

        With few exceptions, the state of contraction of the vessel wall depends on the autonomic nervous system, essentially the sympathetic system (vascular sympathetic). The primary circulating vasoactive hormones that act on the muscles of the blood vessels are epinephrine and norepinephrine, which are liberating from the adrenal medulla by sympathetic stimulation. According to their effect on different receptors (α and β receptors), stimulation can result in vasoconstriction or vasodilatation. In contrast to these systemically (affecting all blood vessels) acting hormones, localized blood flow changes (e.g. resulting from mechanical or chemical stimuli) are triggered by so called local hormones (bradykinin, prostaglandin, histamine).

Reflex Regulation of Circulation and Blood Pressure:
        Whenever there is an increased demand for blood, e.g., with increased muscle blood flow due to physical activity, cardiac output increased at the same time in order to maintain blood pressure or to prevent it from falling too low. The reflex adjustments to changing loads on the circulation (short-term regulation of the blood pressure) and the blood pressure are controlled by the autonomic nervous system (sympathetic and parasympathetic systems) and coordinated especially by the vasomotor centers in the brain. The long-term regulation of the blood pressure depends above all on maintaining the volume of the extra cellular fluid, and thereby the blood volume, at a constant level. The kidney plays an important role in this task by regulating salt and water balance.
Pressure and Stretch Receptors

The actual blood pressure detected by special pressure receptors in the aortic arch and the carotid sinus, which situated at the division of the common carotid artery. The information transmitted to the vasomotor centers in the form of nerve impulses over specific afferent nerves (vagus and glosso-pharyngeal nerves). These centers also receive information by special stretch receptors in the venae cavae (superior and inferior) about the filling of the vessels, the two atria of the heart, and the left ventricle. In turn, efferent nerve impulses from the vasomotor centers in the brainstem reach the heart (cardiac nerves) and the smooth muscles of the blood vessels, especially the arterioles. By this means, the work of the heart (rate, stroke volume, and force of contraction) and the diameter of the vessels controlled, so that a normal mean arterial pressure is maintained (Fig .12-53).
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FIGURE 12—53
Lacations of arterial baroreceptors.



