Lecture 13 



       CORONARY CIRCULATION AND ISCHEMIC HEART DISEASE 

OBJECTIVES 
1. To study the effect of exercise on blood flow . 
2. To review the anatomy of the coronary circulation. 
3. To review causes of ischemia and myocardial infarction. 
4. To learn the effects of ischemia and myocardial infarction on cardiac function. 

I. Coronary Circulation  - 33% of all deaths in the western civilized world occurs as a result of coronary artery disease 

   A. Physiologic Anatomy of the Coronary Blood Supply 
       Circulation differs in that the major arteries and veins are on the surface of the 
       heart 

      1. R. & L. Coronary arteries 
                a. Right coronary artery is usually dominant (forms the posterior 
                    descending artery) 
                    Supplies the right ventricle and posterior inferior wall of the left 

       ventricle and in most the A-V node 
                b. Left coronary artery supplies the largest muscle mass 
                    Supplies most of the left ventricle - anterior, apex and lateral wall of 

       the left ventricle 
      2. Veins 
                 a. L. ventricle ---- most blood leaves by way of the coronary sinus in 

       75 % of population via the great cardiac vein 
                 b. R. ventricle ---- leaves by the ant. cardiac veins  to R. atrium  (15 - 
  
       20 %  of  venous blood) 
                 c. Thebesian veins ---5 % of coronary circulation leaves via the 
                     thebesian veins into all chambers of the heart 

   B. Normal Coronary blood flow 
       Resting coronary flow is 4 -5% of the total cardiac output 
       Strenuous exercise it can increase 4-6 times normal 
                    1. Coronary flow is regulated by alterations in resistance 
                            a. Intrinsic resistance - tone of vascular smooth muscle 

                            b. Extrinsic resistance - results from the effect of cardiac muscle 
                                contraction on coronary vessels 



                    2. The Effect of the cardiac cycle on coronary blood flow 
                            a. left ventricle - pressure gradient for flow 

                                        1) coronary blood pressure vs. mechanical compression 
                                            see diagram below 

                                        2) phasic or intermittent blood flow during cardiac cycle 

                            b. right ventricle - pressure gradient for flow 
                                            see diagram below 


                                        1) continuous flow during the entire cardiac cycle 
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    3.  Phasic changes in coronary blood flow  - illustration of blood flow during the 
         cardiac cycle 
                    a. Left ventricle - phasic or intermittent flow -  flow during diastole 

                    b. Right ventricle - continuous flow - flow during both diastole and 
 
           systole 
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 2. Epicardial vs. subendocardial blood flow 
                a. endocardium 
                            1) pressure in the endocardium is almost equal to pressure in 


      the ventricle 
                            2) endocardial muscle is the first to contract 

                            3) other muscle spirals contract against the endocardium 

                            4. has the least blood flow during the cardiac cycle 

                  b. epicardium 
                            1) last of muscle spirals to contract 
                            2) contracts against the middle muscle spirals and the 
                                endocardium 
                            3) has the largest blood flow during the cardiac cycle
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     3. Differences in the vessels of the epicardium and endocardium 
                a. subendocardial plexus is more extensive than the epicardial plexus 

                b. smooth muscle receptors are different 

                         1) epicardium has more alpha receptors than beta 

                         2) endocardium has more beta receptors than alpha 

            3) receptor arrangement helps to maintain more flow in the 
                endocardium

   C. Control of Coronary blood flow 
        close parallel between metabolism and flow 

        intrinsic control of vascular tone regulates coronary blood flow
      1. Local control 
                a. flow regulated almost entirely by the vascular response to local 
                    metabolic needs 

                b. oxygen demand is very important - flow is regulated in exact 
 
       proportion to oxygen needs 
                    oxygen is the most potent stimulus  ( via adenosine) 
                             1) cardiac muscle extracts 70 - 80 % of oxygen from arterial 


       blood 
                             2) increase activity - must increase flow to provide more 


       oxygen 

      2. Nervous system control - response to ANS 
          metabolic control can override ANS regulation 
                a. direct effect of sympathetic input 

                            1) alpha receptors - norepinephrine - direct vasoconstriction -  


      very weak 

                            2) beta receptors - epinephrine - vasodilation 

                            3) more beta receptors than alpha receptors 

                b. direct effect of parasympathetic input 
                    very slight innervation almost no direct effect on coronary blood flow 

                c. indirect effect of sympathetic input 
                            1) increase in cardiac output causes a significant increase in 
                                vasodilation related to metabolism 

                d. indirect effect of parasympathetic input 
                            2) decrease in cardiac output causes an indirect 
 


      vasoconstriction 
                                related to a decrease in metabolism 

      3. Special features of cardiac muscle metabolism 

    a. nutrients - 
    b. anaerobic conditions - lactic acidosis shuts down the glycolytic         
pathway 
                1) lactic acid may be cause of cardiac pain during hypoxic 
                    conditions 

                2) lack of oxygen also results in the breakdown of ATP 
                                    a) nonphosphorylated adenosine is lost to the 
                                        circulation 
                                    b) severe ischemia of 30 minutes or more will 



  cause 
                                        cell death from loss of adenosine 

II. Ischemic Heart Disease 
              A. Introduction -Ischemia - insufficient coronary flow to meet metabolic needs of 
                  cardiac muscle 
                                1. Most common cause of ischemia is atherosclerosis 
                                              a. fatty plaque deposits on the intima 
                                              b. deposits invade smooth muscle 
                                              c. deposits invaded by fibrous tissue 
                                              d. deposits become calcified 
                                              e. deposits protrude into vessel and block flow , cause thrombus 
                                                  formation or smooth muscle spasms 

                                2. Changes in cardiac metabolism as a result of ischemia 
                                               a. hypoxia - decrease in oxygen 
                                               b. nutrient availability 
                                               c. toxic metabolites 

 B. Acute Coronary Occlusion 

      1. Causes 
                     a.   thrombus - clot formed and remaining at site 
                     b.   embolus - clot that breaks free 
                     c.   local spasm - restricts blood flow 

      2. Collateral circulation in the heart 

                     a. changes in pre-existing collateral circulation  when occlusion 

            occurs 
                                    1) almost no communication between large arteries 
                                    2) collaterals occur in smaller arteries 
                                    3) sudden occlusion in a larger artery will cause 
                                                a) few seconds - small anastamoses dilate 
                                                b) 2-3 days  - diameter of collaterals will increase 
                                                c) one month - collateral circulation may provide 
                                                    normal flow 
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                                    b.  collateral development 
                                                    1) if slow development of collaterals occurs parallel to 
                                                        artery occlusion an acute episode  (MI) may not occur 
                                                    2) if the collateral development is not sufficient to 
                                                        maintain blood flow then ischemia occurs 
                                                    3) recovery from MI is related to the development of 
                                                        collateral circulation 
C. Myocardial Infarction 

      1. Tissue changes in cardiac muscle 
                        a. blood seeps into the area and the vessels become filled with 
                            stagnant blood 
                        b. color of blood turns to dark blue as the oxygen is removed 
                        c. after a few hours the muscle cells die 
      2. Oxygen regulation 
                        a. normal oxygen requirements for cardiac muscle are 1.3 ml. 


  /100 g. of muscle/min 
                        b.  8ml/100 g/min are delivered - only need a fraction of the 


   normal delivery to maintain cardiac muscle 
      3. Subendocardial infarction 
                        a. most collaterals are subendocardial 
                        b. since subendocaridal muscle has the longest period of low flow 
                            during the cardiac cycle most myocardial infarctions are 
                            subendocardial 

   D. Causes of death following acute coronary occlusion 

      1. Decrease cardiac output - Cardiac shock 
                        a. greater than 40 % loss of muscle almost always causes death 
                        b. less than 40% - may be able to maintain normal resting cardiac 
                            output, decrease in cardiac reserve 
                        c. systolic stretch - when large amounts of muscle is  lost scar 


  tissue 
                            replaces muscle scar tissue does not contract and this causes 


  a  decrease in the pumping action of the ventricle  - (systolic 


  stretch does not usually cause rupture of the ventricle) 
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      2. Damming of blood in the venous system - when a ventricle fails to pump 
          normal cardiac output then blood dams up behind the failure causing 
          an increase in venous blood in the pulmonary circulation or the systemic 
          circulation 
      3. Rupture of the infarcted area  - several days after an infarction necrosis of        
dead  cardiac muscle occurs 
                        a.  If there is not enough normal cardiac muscle to sustain 
 

   ventricular  pressure then rupture will occur. 
                        b. cardiac tamponade - blood goes into the pericardial sac and 
                            compresses the heart no filling occurs 
      4. Fibrillation of ventricles 

          a. dec. potassium 
          b. current of injury 
          c. ventricular dilation 

    E. Stages of Recovery from acute myocardial infarction 

      1. Muscle death 
      2. Scar tissue development 
      3. Healthy muscle hypertrophy 
      4. "coronary steal" syndrome 
      5. function of heart following recovery from MI 

   F. Pain in Coronary Disease 

      1. Angina pectoris 

         a. symptoms 
         b. causes

      2. Treatment with drugs 

         a. vasodilator drugs 
         b. beta blockers, calcium channel blockers

   G. Treatment of coronary  artery disease 

      1. Diet and exercise 
      2. Antioxidants , chelation 
      3. Coronary angioplasty 
      4.  Aortic-coronary bypass surgery 

