Lecture 7 



                          VASCULAR DISTENSIBILITY AND FUNCTIONS OF THE 
                                                ARTERIAL, VENOUS SYSTEMS 

OBJECTIVES:  The student should; 
1.  Learn the basic definitions of vascular distensibility and compliance. Learn how vascular distensibility and compliance function in both the arterial and venous trees. 
3.  Learn the arterial pressure pulse wave, conductance, velocity of transmission, and shape in various portions of the arterial tree. 
4.  Learn how arterial pulse pressure waves are measured, arterial cut down - pulse pressure transducer, and brachial artery auscultation. 
5.  Learn standard systolic, diastolic, and mean arterial pressures 
6.  Learn the basic function of the veins and the factors affecting venous return. 
  

I.  Introduction: 
            A.  Define terms: 

                        1.  Distensibility 

                             D = Volume / Original Volume x Pressure 

                                a. blood vessels are distensible 

                                b. distensibility allows aorta and large arteries to accommodate pulsatile 
                                    cardiac output and allow smooth continuous flow to tissues 

                                c. veins most distensible - 8 times more distensible than arteries 

                                d. pulmonary arteries - 6 times more distensible than systemic arteries 
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                        2.  Compliance (Capacitance) 

                             C = Volume / Pressure =V /P 

                             C = D x Original Volume 

                                a. volume is important issue 
                                    what is the total quantity of blood that can be stored or introduced 
                                    in a given portion of the circulation/1mm. Hg. ? 

                                b. why are vascular distensibility and compliance important? 

                                           1) pulsatile flow is damped to smooth flow 

                                            2) increase in pressure tends to vasodilate vessel & inc. flow 

                                            3) vessels can also serve in a storage capacity 

II. Vascular Distensibility and Compliance 

            A.  Distensibility and compliance 
                        1.  Arteries - Much less compliant and distensible due to the thick layers of 
                             smooth muscle 

                        2.  Veins - 8 x as distensible and 3 x the volume hence, 24 x as compliant 

            B.  Pressure - Volume curves 
                        1. steeper the slope the less compliant the vessel 

                        2. arteries 
                                 a. sympathetic stimulation  - curve moves to the left 
                                     same pressure = less volume (vasoconstriction) 

                                 b. sympathetic inhibition - curve moves to the right 
                                     same pressure = more volume (vasodilation) 
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                        3. veins 
                            a. volume ranges from 2500 - 3500 ml. 
                            b. tremendous volume changes are required for pressure changes to occur 

             C.  Delayed Compliance - Stress relaxation 
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                    1.  vessel exposed to an increase in volume  - first shows an increase in pressure 

                    2.  delayed stretching of vessel wall causes pressure to go back toward original 
                         pressure 

                    3.  pressure change requires minutes to hours - called stress-relaxation 

                    4.  2nd part - volume removed and the pressure drops suddenly 

                    5.  smooth muscle will begin to adjust tension and pressure slowly increases 

                    6.  stress-relaxation allows vessels to slowly adjust to an increase or decrease in 
                         blood volume 

III.  Arterial Pulse Pressure 
        A. Introduction - stroke volume enters the aorta - see aortic pulse pressure curve 
                    1. compliance of the arterial tree decreases pulse to almost no pulsations by time 
                        blood reaches capillaries 

                    2. Characteristics and pressures of the pulse pressure curve 

                    3. Pulse pressure is determined by two factors 

                                a. stroke volume 

                                b. compliance of the vessel 

                                 PP = SV 
                                            C 
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            B.  Abnormal Pulse Contours 

                    1. aortic stenosis  -   from diminished blood flow outward

                    2. patent ductus arteriosus  - about ½ of flow goes to the pulmonary, diastolic BP  

                        goes to near 0  

       3. aortic regurgitation -  significant blood falls back into the ventricle and diastolic

           BP  drops to near 0  

                    4. atherosclerosis and aging 
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            C.  Radial pulse 
                        1.  Weak pulse  -  occurs with hypovolemia and decreased cardiac output

1. Pulsus paradoxus  -  amplitude decreases on inspiration,  occurs in COPD,

pericarditis and pericardial effusion

                        3.  Pulse deficit -  radial pulse is less than apical pulse

            D.  Transmission of pressure pulses 
                        1. Transmission of pressure pulse 
                                    a. SV goes to the aorta 

                                    b. increase in pressure in central aorta overcomes inertia 

                                    c. wave front of distention spreads along the aorta 

                                    d. called transmission of pressure pulse 

                                    e. velocity of pressure pulse transmission 
                                            3 - 5 meters/sec. in the large arteries 
                                            7 - 10 meters/sec. in the medium arteries 
                                            15 - 35 meters/sec in the small arteries 
                                            (greater the compliance, the slower the pressure wave moves) 

                                    f. transmission of the pressure pulse is 15X more than the velocity of 
                                      blood flow 

                         2.  Damping - Resistance and compliance 

                                    a. contours of the pulse pressure curve changes as they move toward 
                                        the periphery 

                                    b. causes: 
                                                1) resistance to blood moving in the vessels 

                                                2) compliance of vessels 

                                                 Damping = R x C 

            E.  Indirect Method of Measurement of Arterial Blood Pressure 
                        1.  Auscultatory method 
                                   a. stethoscope over the antecubital or brachial artery 
                                   b. cuff inflated until brachial artery is collapsed 

                                   c. pressure let out slowly- when pressure in the cuff is equal to 
                                       systolic pressure the first Karotkoff sound is heard. 
                                       (sound of blood jetting through the brachial artery only during 
                                       systole)  Systolic blood pressure is recorded when the first 
                                       Karotkoff sound is heard. 

                                    d. sounds change in characteristic as the pressure is removed from 
                                       the cuff 

                                    e. when pressure in the cuff is equal to the diastolic blood pressure 
                                        laminar flow is established and the Karotkoff sounds stop. The 
                                        diastolic pressure is recorded when the last sound is heard. 
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                  2.  Mean arterial pressure  - average of all pressures that occur throughout the 

          cardiac cycle. 
                            a. Since diastole is 2/3 of the cardiac cycle, MAP is nearer to the 
                                diastolic pressure    . 
                            b. average value is 90 - 96 mm. Hg.  (Guyton uses 100 as a convenience) 
                            c. MAP = C.O. x TPR 

                            d. IMPORTANT pressure - pressure that drives blood from the heart through the 
                                systemic circulation 

                            e. Can use the recorded arterial blood pressure to determine the MAP 

                             MAP = 1/3  PP + DBP     (diastolic blood pressure) 
  

                                     PP = (systolic pressure - diastolic pressure) 
  

                            f. the effect of aging on arterial blood pressure 
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 IV. Veins and Their Functions 
            A.  Venous pressures - Right atrial pressure (central venous pressure) and 
                  Peripheral Venous Pressures 
                        1. Right atrial pressure or central venous pressure 
                                a. blood from the venous system flows into the right atrium 
                                    pressure in the right atrium is called right atrial pressure or central 
                                    venous pressure 

                                b. right atrial pressure is regulated by a balance between pumping 
                                    effectiveness of the right heart and the volume of blood returning from 
                                    the periphery 

                        2. Factors that can increase right atrial pressure or central venous pressure 
                                a. increase in blood volume 

                                b. increase in large vessel tone throughout the body with increase in 
                                    peripheral venous pressure 

                                c. dilation of arterioles and and increase in venous return 

                        3. Values 
                                a. normal = 0.0 mm.Hg. which is atmospheric pressure 

                                b. can increase to 20 -30 mm.Hg. in heart failure 

                                c. lower limit is  -3 to -5 mm. Hg. when there is significant increase in 
                                    pumping ability of the heart or loss of blood 

        

    B.  Venous resistance and peripheral venous pressure 
                        1. Large veins when distended have a resistance near 0 

                        2. Causes of some resistance in some veins 
                                a. compression of veins entering the thorax 
                                b. compression of veins in the arms at the first rib 
                                c. low pressure in neck veins 
                                d. compression in abdominal veins 

                        3. Values 
                                a. pressure in peripheral small veins in supine position is about 
                                    4 - 6 mm.Hg .> CVP or right atrial pressure 

                        4. Effect of high right atrial pressures on peripheral venous pressure 

                                a. increase in RAP causes blood to back up in large veins and open them up 

                                b. does not increase peripheral pressure until all large veins are open 

                                c. when RAP is > 4 - 6 mm. Hg. there is a corresponding increase in 
                                    peripheral pressure 

                        5. Effect of Intra-abdominal pressure on venous pressure 

                                a. normal intra-abdominal pressure supine is about 6 mm. Hg. 

                                b. can increase to 15 - 30 mm. Hg. during pregnancy, tumors and fluid 
                                    (ascites) 

                                c. increase in abdominal pressure means that peripheral venous pressure 
                                    must be > than abdominal pressure to allow blood through 
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            C. Effect of Gravitational (Hydrostatic)  Pressure on Venous Pressure 
              Occurs in vascular system because of the weight of blood in the vessels 
  
                        1. Veins 
                                a. pressure at the feet - 90 mm. Hg. or greater 
                                    gravitational weight of blood in veins between the heart and feet 

                                b. arms - 

                                c. neck - 

                                d. dural sinuses - 
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                  2. Effect of Gravitational Pressure on Arterial and other pressures 
                                a. standing arterial pressure at the level of the heart is 100 mm.Hg. 

                                b. at feet the pressure is about 190 mm.Hg.(100 hydraulic pressure from the 
                                    heart + 90  hydraulic pressure due to gravitational pull) 

            D. Veins - Venous return to the heart 
                     1.  Valves 
                                a. valves prevent peripheral venous pressure from being 90 mm.Hg. 

                                b. move blood in one way direction 

                                c. decrease peripheral pressure (column of fluid) 

                     2.  Muscle pump 

                                a. muscle contraction pushes blood toward the heart 

                                b. known as "venous pump" or  "muscle pump" 

                     3.  Respiratory pump 
                            effect of inspiration and expiration on thoracic pressure 

                            effect of thoracic pressure on venous return 

                     4.  Venomotor tone 
  

                     5.  Suction effect of cardiac contraction and relaxation 
  

            D.  Veins as blood reservoirs 
                   60% of blood volume is stored in the venous system 
                    1. increase in sympathetic response = constriction of smooth muscle in veins 
                        move blood from the venous circulation to the arterial circulation 

                    2. Specific venous blood reservoirs 
                                a. spleen 

                                b. liver 

                                c. large abdominal veins 

                                d. venous plexuses of the skin 

                    3. Heart and lungs 
                        NOT considered to be part of the venous blood reservoir system 
                        do change volumes 
                                a. heart 
                                b. lungs 

