Lecture 6 



                                        VASCULAR FLOW and RESISTANCE 
                                                            Guyton Ch. 14 

  OBJECTIVES:  The student should understand 
1.  The general characteristics of the circulation. 
2.  The blood volumes contained in each section of the circulation under resting conditions. 
3.  The relationship between vascular cross-sectional area and blood velocity. 
4.  Blood pressure in each section of the circulation. 
5.  The equation for flow 
6.  Resistance 
7.  Types of flow (laminar vs. turbulent) 

Vascular Flow and Resistance

I.  Introduction;  The vascular circulation 
        A.  Functions 

        B.  Systemic circulation 

        C.  Pulmonary circulation 

I I.  Characteristics of segments of the circulatory system


A. Physical Characteristics
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                1. Arteries – Thick walled high pressure conducts 

                        a. High resistance to reduce pressure before blood enters capillaries 

                        b. Reduce pulse pressure in blood flow 

                        c. Control quantity of blood flow into capillary beds 

                2. Veins

    B.  Volumes 
                 1. 84% of total circulation is in the systemic circulation 
                     16 % is in the heart and lungs 


                 2. Of the 84% in the systemic circulation 
                        a. 64 % is in venous circulation - blood storage (capacitance) 
                        b. 13 % is in the arteries 
                        c. 7 % is in arterioles and capillaries 


                  3. Heart contains 7% and the lungs contain 9% 

               [image: image2.jpg]Venous

SYSTEMIC
VENOUS
SYSTEM

61%

Distribution of blood



 

  

   C.  Cross sectional areas and velocity of blood flow 
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            Flow = Vol. / unit time example: Liters / min. 

                1.  Velocity = Rate of displacement / unit time example: Miles / hr. 

                    Velocity = Flow / Cross sectional area - (cm3 / sec) / cm2 = cm / sec 
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     2. Cross-sectional areas and velocity of flow 

                            a. compare the total x-sectional area of capillaries to that of arteries and veins 

                            b. larger x-sectional area of veins and venules is linked to storage capacity 

     3 . Observe the change in velocity related to the total x-sectional area 
           in the aorta, capillaries, veins 

                             a. example: aorta = 33 cm./sec,  capillaries = 0.3 mm/sec 

                             b. inverse relationship -  as x-sectional area increases the velocity 
                                 decreases 
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         D.  Blood pressure - pressure in the various portions of the circulation 

                1. Mean (average) pressure in the aorta is 100 mm. Hg. 

                2. pumping of heart is pulsatile - aortic pressure fluctuates between systolic and 
                    diastolic pressure 

                3. Chart shows as blood flows through circulation pressure drops to 0.0 mm. Hg.at the 
                    right atrium 
                             a. little pressure loss in the large arteries 

                             b. significant pressure loss and decrease in the pulse pressure in resistance 
                                 arterioles 
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   E. Basic Theory of Circulation Function 

                1. FLOW to each tissue bed is almost precisely controlled by tissue metabolism 

                2. CARDIAC OUTPUT is controlled mainly by the sum of all local tissue flow 

                3. arterial  BLOOD PRESSURE  is controlled independently of either local flow or 
                    cardiac output 

III.  Pressure vs. Flow - Interrelationships among pressure, flow and resistance   
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       A.     Flow Equation        Q =   P r4 
                                                      8                     

      

 1.   P - Pressure difference ( P1 - P2) 

                                r4  - Radius of the vessel 



    - length of the tube 

                                    - viscosity of the fluid 
 

                             2.   Direct relationships 

                                        a. pressure difference 

                                        b. change in the radius 
                                                small change in the radius causes very large changes in flow 

                            3. Indirect relationships 

                                        a. length of tube - rarely changes 

                                        b. viscosity of fluid 

                            4. Another way of looking at flow 
                                        a. determined by two factors 
                                                 P - pressure gradient in the tube 

                                                 R - resistance ( impediment to flow) 
                                                      vascular resistance - caused by friction along side of vessel 
                                        b. 
                                                 Q =  P 
                                                         R 

                                        c .     R or TPR (total peripheral resistance) 
                                                        1) affects flow 
                                                        2) flow can be regulated by changing the resistance of a 




       vessel 

                                                           vasoconstriction - increases TPR and decreases Q 
                                                           vasodilation - decreases TPR and increases Q 
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IV.  Resistance to Blood Flow 
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  A.  Resistance 

                Resistance = Pressure difference / Flow 

                1.  R =  P 
                             Q 

                   Since Q equals the expression in part III, substituting for Q gives: 

                     R = 8
                           r4 

                2. Resistance depends on the dimensions of the tube and the nature of the fluid. 
  

                3. In physiology resistance is called PRU (Peripheral resistance units) 
                            a. Systemic resistance = 1 PRU 
 

                           b. Pulmonary resistance = 0.14 PRU or 1/7 of systemic resistance  

     B.  Physiological regulation of flow by affecting the resistance (r4) 

                1. Change the diameter of the vessel (Sympathetic nervous system) 

                           a. can alter the contraction of smooth muscle in vessel wall 

                           b. vasodilation and vasoconstriction alter the resistance to flow 

  C. Circuit Resistance 

                1.  Series :   Rt = R1 + R2 + R3 + ..... 

                           a. resistance is additive 

                           b. circulation in a series has a higher resistance 
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     2.  Parallel: 1/ Rt = 1/R1 + 1/R2 + 1/R3 + ..... 

                           a. parallel circuit reduces resistance 
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                           b. parallel circuit physiologically increases total x-sectional area                                                
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VI  Types of Blood Flow     

        

 



A. Laminar Flow 

                        1. smooth flow 


                        2. blood vessels normally have laminar flow   

                        3. blood flows in sheets, velocity of sheets differ 

                                    a. velocity at walls is slower because of friction 

                                    b. velocity is higher at the center 

                                   c. parabolic surface 

            B. Turbulent Flow 
                        1. rough surface 

                        2. at branches 

                        3. velocity of flow 

         


   C. Reynold’s Number - predicts characteristics of flow  (critical velocity) 

                 Re = V D 
                          /r
  
    
      Where V = velocity,    d = diameter of the vessel 
      
      h = viscosity, and  r = density of the blood 

                1. Reynold's number greater than 200 - 400 
                    turbulent flow in bifurcations and change in diameter 

                2. greater than 2000 
                    turbulent flow in smooth strait vessels  

VI.  Rheological properties of blood 

            A. Viscosity

                    1. blood viscosity is caused by the formed elements 
                      % of blood that is cellular - hematocrit 

                    2. viscosity of water is 1 
                        viscosity of plasma is 1.5 
                        viscosity of whole blood is 3 

                    3. as viscosity increases it takes more force to pump blood 

       

B.  Viscosity vs. hematocrit 
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        B.  Vessel diameter vs. viscosity (Fahraeus - Lindquist effect) 
                   1. occurs in vessels less than 300 m 

                   2.. caused by axial streaming - RBC in a single file 

                   3.   viscosity becomes that of plasma 
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