Lecture 12 




                            REGULATION OF CARDIAC OUTPUT AND VENOUS RETURN 

Objectives: Completion of this material should provide a basic understanding of 
1.  the role of the heart and peripheral circulation in the regulation of cardiac output. 
2.  the cardiac index. 
3.  how venous return regulates cardiac output. 
4.  the effect of total peripheral resistance on venous return. 
5.  the cardiac output function curve. 
6.  the role of the nervous systemic regulating cardiac output. 
7.  the factors that effect venous return and the venous return curve 
  

Regulation of Cardiac Output and Venous Return 
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I. Introduction 

   A. Cardiac output must = venous return 

   B. Cardiac output: resting values 

      young men = 5.6 L/min., women = 10-20% less     ave. 5L/min
   C. Cardiac Index: output/square meter of body surface area = 3.0        
L/min./sq.M. 

    D. Cardiac output is proportional to overall metabolism  
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  E. Age relationship to cardiac output- graph in text
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II. Regulation of Cardiac Output  by Venous Return 
     * peripheral circulation, NOT heart that controls cardiac output 

   A. Frank-Starling Mechanism 

      1. venous return determines strength of contraction or  end-diastolic volume 
          determines force of contraction 

      2. atrial stretch and Bainbridge reflex 
         venous return controls rate

   B. Normal regulation of Cardiac output 

                Cardiac output = rate  X  stroke volume
   or

                Cardiac output = arterial pressure/TPR 
  

      1. Sum of ALL local blood flows from individual segments 
         local flow in proportion to tissue needs 

         local flow summates to form venous return 

      2. Effect of TPR on long-term regulation of cardiac output 


         inc. TPR = dec. flow to tissues = dec. venous return 

         dec. TPR = inc. flow to tissues = inc. venous return 

III. Cardiac function curve - show the relationship between cardiac output and right atrial pressure 

     A. INTRINSIC = 5 to 13 L/min. W/O sympathetic stimulation 

     B. Sympathetic stimulation to 25 L./ min. 
        *marathon runners = 30-35 L./min. 



     C. Hypereffective heart 
        from hypertrophy and sympathetics 



    D. Hypoeffective heart - any condition that decreases pumping 
         ability, can fall to 2-3 L./min 
         Right atrial pressure increases if heart is hypoeffective 
         IF heart cannot pump venous return then the heart fails or a  person has heart                      
failure 
           *heart is the LIMITING factor
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IV. Nervous System - control of cardiac output during exercise                

    A. Isotonic Exercise - Mass Sympathetic Response

                1. Moderate level
       
                          a.    Heart - 
                                     cardiac output

                                     venous return                                    

                          b.    Peripheral circulation - 
                                        arteries 
    
                                        veins

                          c. Changes in arterial blood pressure

                   2. Severe level

                                     a.    Heart -
                                                 cardiac output

                                                 venous return                                    

                                     b.    Peripheral circulation -
                                                 arteries
    
                                                veins

                                     c. temperature regulation



                                     d. skeletal muscle metabolism/blood flow


                                     e. Changes in arterial blood pressure

                B. Isometric Exercise - Mass Sympathetic Response

                            1. Moderate  level

                                       a.    Heart -
                                                 cardiac output
    
                                                 venous return                                    

                                       b.    Peripheral circulation -
                                                arteries
    
                                                veins

                                      c. Changes in arterial blood pressure

                              2. Severe level

                                      a.    Heart -
                                                 cardiac output
    
                                                 venous return                                    

                                       b.    Peripheral circulation -
                                                arteries
    
                                                veins

                                        c.    Changes in arterial blood pressure

V. Factors that alter cardiac output and venous return 

   A. High cardiac output 
      ALL conditions result from chronically reduced TPR 

      1. Beriberi 

      2. Arteriovenous fistula (shunt) 

      3. Hyperthyroidism 

      4. Anemia

   B. Low cardiac output 
      Abnormalities that decrease pumping effectiveness 

      decrease venous return 

      Cardiac shock - decrease cardiac output to the point that tissues suffer from                                 
nutritional deficiencies


   C. Factors the determine venous return 
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      1. right atrial pressure or central venous pressure 


     2. degree of filling of systemic circulation 

      a.    Mean systemic filling pressure 

             Mean Circulatory Filling Pressure 

    If blood flow stops and pressure becomes = in the system  = 
    7mm. Hg.

      b.    Mean Systemic Filling Pressure - W/O pulmonary circulation 

                       ave. effective pressure of blood in the peripheral circulation, 

          MAJOR pushing force moving blood back to the heart.  = MSFP 

                                             




           Factors that effect MSFP 

                             1. blood volume   -  inc. blood vol. = inc. MSFP 

                             2. sympathetic stimulation - dec. area, inc. MSFP to 17mm. 


       Hg. 

                                 Inhibition of symp.  = dec. MSFP to 4 mm./Hg. 
  

Pressure gradient for venous return ( difference between MSFP and Right atrial pressure) 
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*NO pressure difference between peripheral vessels and Rt. atrium and NO flow from periphery to heart 

MUST maintain a pressure gradient for venous return 

Rt. atrial pressure BELOW MSFP = increase flow 

Thus: greater the difference between MSFP and Rt. Atrial  pressure, the greater the venous return

      3.   Resistance to Venous Return 

      2/3 resistance is in the venous system, blood stored, little pressure 

      1/3 resistance is in the arteries and arterioles
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D. Venous Return Curve- shows the relationship between central venous pressure                                                                            and venous return 

1. increase in right atrial pressure (CVP) decreases VR 

2.  when right atrial pressure is equal to the MSFP there is no VR
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VI. Analysis of Cardiac Output 

heart and systemic circulation must operate together 

Venous return MUST equal cardiac output within 2 to 3 heartbeats 

Symp. = heart (stronger pump)
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